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TO THE MEMORY OF MY FATHER
SUMMARY
Changes in the le ve l o f serum enzym es, n o ta b ly  5 '-n u c le o tid a se  
and a lk a lin e  phosphatase, have fre q u e n tly  been used as a d ia g n o s tic  
a id  fo r l iv e r  d isease  . Therefore the re la tio n s h ip  between ra t serum 
prote ins and liv e r  plasma membrane was inves tiga ted  us ing  immuno­
fluo rescence  and a f f in i ty  chrom atography.
The ex ten t o f b ind ing  o f the iso la te d  plasma membrane to  
f lu o re s c e in - la b e lle d  a n t i- ( ra t  serum) g lo b u lin  fra c tio n  was exam ined, 
and a v a lid  assay fo r pro te ins homologous to  serum was deve loped .
About 1% o f the p ro te in  o f the g lo b u lin  fra c tio n  was capable o f b ind ing  
to the membrane. W ash ing  the iso la ted  membrane w ith  0 .15  M -N a C l 
and 0 .2  M -N aH C O g / pH 9 .0 ,  resu lted  in the rem oval o f the non- 
membraneous p ro te ins as w e ll as some o f the genuine membrane p ro te in s . 
The proportion o f a n t i- ( ra t se rum )-b ind ing  m a te ria l washed o f f  is  about 
the same as the proportion  o f the to ta l membrane pro te ins th a t is 
s o lu b ilis e d . H ow ever, when the b ind ing  o f the iso la te d  and s a lt -  
ex trac ted  membranes to  a n t i- ( l iv e r  plasma membrane) antiserum  was 
exam ined, i t  was found th a t the w ash ing  procedure caused the exposure 
o f  a new b ind ing  s ite  w h ich  was p re v io u s ly  m asked.
A ff in ity  chrom atography o f ra t serum on im m ob ilised  a n ti-(p la sm a  
membrane) con jugate  resu lted  in  the is o la tio n  o f serum p ro te in s , about 
4% o f to ta l serum p ro te in , common to  l iv e r  plasma membrane. Enzyme 
a c t iv ity  measurements showed th a t none o f the 5 '-n u c le o tid a s e  and
f^'hdro
a Ika line^pheny I phosphatase was assoc ia ted  w ith  the common p ro te in s . 
H ow ever, the a d d itio n a l 5 '-n u c le o tid a s e  w h ich  appears in the serum 
o f jaund iced  ra ts  was found to  o rig in a te  from the hepatocyte  plasma 
membrane ( Issa I? 7^)  '
The m icrosom al fra c tio n  o f ra t l iv e r  homogenate was fra c tio n a te d  
us ing  a lin e a r sucrose d e n s ity  g ra d ie n t. The plasma membrane 
fragm ents recovered in the m icrosom al fra c tio n  were found to  be 
heterogeneous in d e n s ity . I t  was dem onstrated th a t 5 '-n u c le o t id a s e , 
the m ost commonly used plasma membrane m arker, is  concen tra ted  in 
the m a te ria l banding a t a d e n s ity  o f 1 .14  g /m l w h ile  m ost o f o ther 
plasma membrane m arkers were found at a d e n s ity  o f 1 .16  g /m l.
The p o s s ib il i ty  th a t the lig h t m icrosom al sub frac tion  is  de rived  la rg e ly  
from the b lo o d -s in u s o id a l surface o f the hepatocyte  was confirm ed by 
an in s itu  la b e llin g  w ith  SITS.
r 1 4Exam ination o f serum pro te ins a fte r in je c tio n  o f L-[_ C Jfucose 
showed th a t the pro te ins common to  l iv e r  plasma membrane and ra t 
serum are lab e lle d  more s lo w ly  than o ther secre to ry  p ro te in s . In  
a d d it io n , plasma membrane fragm ents from the s in u so id a l fa c in g  area 
o f the liv e r  c e ll seem to  be lab e lle d  more ra p id ly  than o the r plasma 
membrane fragm ents . The re su lts  provide evidence th a t the m a te ria l 
reaching  the s in u so id a l part o f the plasma membrane is  e ith e r re leased  
in to  the blood d ire c t ly  or moves to  o ther parts o f the membrane, 
f in a l ly  to the b ile  c a n a lic u la r re g io n .
CONTENTS
Page
SUMMARY (i)
CONTENTS (H i)
ABBREVIATIONS (v i)
CHAPTER ONE INTRODUCTION
C l/lJ fC P fL .
1:1) SERUM ENZYMES AS AN AID Of/ d IAGNOSIS 1
a) The o r ig in  o f serum alkaLine phosphatase
in l iv e r  d isease  3
b) O ther serum enzymes in hepa tic  d isease  7
1:2) MORPHOLOGY OF THE LIVER 20
1:3) THE PLASMA MEMBRANE CONCEPT 24
1:4) ISOLATION OF LIVER PLASMA MEMBRANE
AND ITS HETEROGENEITY 31
1:5) IM M UNO LO G ICAL STUDIES OF THE LIVER
CELL MEMBRANE . 37
1. Antigens assoc ia ted  w ith  the
g lo b u la r knobs 39
2 . Antigens assoc ia ted  w ith  the membrane 40
, 3 . M asked an tigens 40
1:6) BIOSYNTHESIS AND SECRETION OF
GLYCOPROTEINS 46
. AIMS OF THIS STUDY - 52
CHAPTER TWO MATERIALS AND METHODS
2:1) MATERIALS 54
2:2)  ANIMALS AND TISSUE PREPARATION 56
2:3) CHEMICAL ESTIMATION AND ENZYME ASSAYS 57
a) Protein es tim a tion  57
b) Enzymes re le a s ing  ino rgan ic  phosphate 57
Page
c) p-NitrophenoL re leas ing  enzymes 58
d) L -L e u c y l-6 -naph thy lam idase  59
e) Succinate dehydrogenase 61
f) A lk a lin e  ribonuc lease  61
g) E stim ation  o f N u c le ic  Acid  62
h) C ata lase  de te rm ina tion  62
2:4) ZONAL CENTRIFUGATION 65
a) P reparation o f  G radient 65
i) Preparation o f exponen tia l g rad ien t 65
i i)  P reparation o f lin e a r d e n s ity  g rad ien t 67
b) Loading and U nload ing  o f the grad ien t 67
2:5) SEPARATION OF PLASMA MEMBRANE FROM
RAT LIVER 69
a) Is o la tio n  o f Plasma Membrane Sheets 69
b) F ra c tio n a tio n  o f L ive r M icrosom es 72
c) SITS L a be llin g  o f the S inuso ida l Surface 72
d) L -  [ ^ C ]  ■ Fucose la b e llin g  o f G lycop ro te in  74
2:6) SALT AND DETERGENT EXTRACTION OF
•LIVER PLASMA MEMBRANE 76
2:7) RAISING OF ANTI-(LIVER CELL CYTOSOL) AND
ANTI-(LIVER CELL PLASMA MEMBRANE) ANTIBODIES 77
2:8) BINDING OF ANTISERA TO PLASMA MEMBRANE 79
2:9) PREPARATION OF IMMUNOADSORBANT 80
a) Preparation o f a c tiva ted  Sepharose 80
b) P reparation o f im m ob ilised  an tise ra  80
2:10) AFFINITY CHROMATOGRAPHY 82
a) V e r if ic a tio n  o f an tigen separa tion  co n d itio n s  82
b) Is o la tio n  o f ra t serum an tigens common to
liv e r  plasma membrane 83
2:11) GEL ELECTROPHORESIS AND IM M U N O -D IFFU S IO N  84
2:12) HISTOCHEMICAL STAINING 87
rage
CHAPTER THREE RESULTS
3:1) PURIFICATION OF PLASMA MEMBRANE FROM 
NUCLEAR FRACTION
3:2) PROPERTIES OF ANTISERA PREPARED
a) A n t i- ( l iv e r  c e ll cy toso l) antiserum
b) A n t i- ( l iv e r  c e ll plasma membrane) antiserum
i) B inding o f a n ti-(p la sm a  membrane) to  
iso la te d  plasma membrane
i i)  A n tibod ies  aga in s t plasma membrane 
enzymes
3:3) IM M U NO LO G ICAL CHARACTERIZATION OF THE 
MATERIAL EXTRACTED BY. 0 .15 M ~N aC l AND 
0 .2  M -N aH C O s
3:4) ANTIGENIC GROUPSCOMMON TO LIVER PLASMA 
MEMBRANE AND RAT SERUM
3:5) SEPARATION OF SERUM PROTEINS HOMOLOGOUS 
TO LIVER PLASMA MEMBRANE •
3:6) SUBFRACTIONATION OF MICROSOMES
3:7) IDENTIFICATION OF MEMBRANE FRAGMENTS 
FROM THE SINUSOIDAL-FACING SURFACE OF 
THE LIVER CELL W ITH  SITS
3:8) INCORPORATION OF FUCOSE INTO SERUM AND 
LIVER PLASMA MEMBRANE GLYCOPROTEINS
J CHAPTER FOUR DISCUSSION .
Plasma membrane surface an tigens and the properties 
o f the a n ti-(p la sm a  membrane) antiserum
A n tigen ic  groups common to  ra t serum and liv e r  
plasma membrane
Prote ins common to ra t serum and l iv e r  plasma membrane
Topography o f ra t liv e r  plasma membrane
Inco rpo ra tion  o f L - f ^ C ]  fucose in to  serum and l iv e r  
plasma membrane g lyco p ro te ins
General comments
ACKNOWLEDGEMENTS
89
105
105
106
106
110
117
128
142
165
173
186
210
212
221
224
232
236
239
REFERENCES 241
ABBREVIATIONS 
Not inc luded in the B iochem .T. abbrev ia tions
A ik  PDase
AMPase
APNPPase
BSA
DOC
G6Pase
INT
LNase
PBS
PCA
POPOP
PPO
RNase
SITS
Succ .Dase 
TCA
a lk a lin e  phosphodiesterase assayed w ith  b is - p -  
n itro  phenyl phosphate as su b s tra te .
5 '-n u c le o tid a s e  assayed w ith  adenosine 5 '-phospha te  
(AMP) as su bs tra te .
a lk a lin e  phosphatase assayed w ith  p -n  itro  pheny l-  
phosphate as su b s tra te .
bovine serum a lb u m in .
sodium deoxyc ho la te .
g lucose  6-phosphatase assayed w ith  g lucose  
6-phosphate  as subs tra te .
2- (p - io d o  pheny l)- 3 - (p -n  itro  phenyl)- 5 - ph en y l- 
te tra zo liu m  c h lo r id e .
L - le u c y l-$ -n a p h th y la m id a s e  assayed w ith  L - le u c y l-
3 -naph thy lam ide  as substra te  a *  a subgroup o£ L / ic tn e  
awunopept'dase (t-flP)
p h ys io lo g ica l phosphate buffered sa lin e  
(0 .15  M -N a C l/0 .0 1  M -phospha te , pH 7 .5 ) .
pe rch lo ric  a c id .
1', 4 - d i-  [2- (4 -m e th y l-5 - pheny loxazo ly ljpbenzene  ,
2 , 5 -d ip h e n y lo x a z o le .
ribonuc lease  assayed a t pH 7 .8  in the presence 
o f 5 m M -M g C l2 .
4 -a c e ta m id e -4 l- is o - th io c y a n a to -s t i lb e n e -2 ,
2 '-d is u lp h o n ic  ac id  d isod ium  s a lt .
succ ina te  dehydrogenase assayed w ith  INT as substra te  
tr ic h lo ro a c e tic  a c id .
CHAPTER ONE
INTRODUCTION
1 : 1) SERUM ENZYMES AS AN AID TO CLINICAL DIAGNOSIS
The m a jo r ity  o f chem ica l changes in the body are m ediated by 
enzym es, w h ich  are e sse n tia l co n s titu e n ts  o f the c e lls  and may 
e ith e r remain in tra c e llu la r  o r pass out o f the c e ll in to  the e x tra ­
c e llu la r  f lu id  7 in to  the blood stream , o r in case o f ducted g la n d s , 
in to  the se c re tion . Normal b lood con ta ins  a number o f enzym es, 
and the v a ria tio n  in th e ir  le ve ls  was suggested to  be o f va lu e  fo r 
c l in ic a l d ia g n o s is . D iag nos is  from changes in serum enzyme le ve ls  is 
poss ib le  o n ly  in so fa r as any changes s p e c if ic a lly  and s e n s it iv e ly  
re f le c t damage in a p a rticu la r o rg a n . M oreover, the method used 
to  estim ate  serum enzyme le ve ls  must i ts e lf  be s p e c if ic  and s e n s it iv e . 
To the c lin ic ia n  the s p e c if ic ity  o f changes in serum enzyme a c t iv ity  
as a fun c tio n  o f genera lized  or s p e c if ic a lly  lo ca lized  les io n s  is  o f 
g reat in te re s t. M easurem ents o f serum enzymes have been shown 
to  be o f va lue  in the d iag n o s is  o f d if fe re n t d ise a se s , fo r  exam ple: 
h e p a tic , m yoca rd ia l, pancrea tic , p ros ta tic  and m uscu la r d ise a se s , 
and va rio us  cancers (e .g . Baron, 1973; M oss and B u tte rw orth , 1974). 
The most w id e ly  assayed serum enzymes in c l in ic a l labo ra to ries  are 
lis te d  in Table 1-1 (from the brochure "Enzymes in M e d ica l P ra c tice ,
C .F . Boehringer & Soehne GmbH, M annheim ). O ther enzymes are 
a lso  assayed , such as 5 '-n u c le o tid a s e , amino p e p tid a se s , tra n s ­
peptidases and in some cases r ib o n u c le a s e s .
Table 1-1 : Serum enzymes com m only assayed in c l in ic a l labo ra to ries
G lu tam ate -pyruva te  transam inase* (GPT)
G lu tam a te -oxa loace ta te  transam inase* (GOT)
G lutam ate dehydrogenase (GLDH)
C rea tin ine  phosphokinase (CPK)
Acid phosphatase
A lka lin e  phosphatase
a -Am ylase
A ldo lase
Lactate dehydrogenase (LDH)
.* synonym : am inotransferase
Enzymes in b lood have been c la s s if ie d  by Hess (1963) in to  
tw o groups, designated  as "plasm a s p e c if ic  enzym es" and "non ­
plasma s p e c if ic  e n zym es". The f i r s t  group inc ludes  those enzymes 
w h ich  have a ve ry  d e fin ite  and s p e c if ic  fu n c tio n  in p lasm a. Plasma 
is  th e ir  normal s ite  o f a c tion  and th e y  are present in  it  a t h ighe r 
le ve ls  than in most tis su e  c e lls .  Examples are blood coagu la ting  
enzymes and lip o p ro te in  lip a s e . The second group, the non-p lasm a 
s p e c if ic  enzym es, have no known p h ys io lo g ica l fu n c tio n  in p lasm a. 
They are present in plasma at concen tra tions much low er than in 
ce rta in  t is s u e s . This group o f enzymes inc ludes  those w h ich  are 
re leased from tis s u e s  during  d ise a se , and thus show increased le ve ls
in serum, stiLL fa r beLow the leve ls  in the parent t is s u e s .
Among the enzymes re leased in to  the c irc u la tin g  f lu id  in  the 
course o f h epa tic  d isease  are am ino transfe rases, phosphatases, 
am inotranspeptidases and amino peptidases . The am inotransferases 
are known to  be enzymes o f the hepa tic  c e ll cy to so l and are presum ably 
re leased in to  the c irc u la tio n  on breakage o f the plasma membrane 
(Bengmark et a I . ,  1967). Phosphatases and amino pep tidases , no ta b ly  
5 '-n u c le o tid a s e , a lk a l in e  phosphatase and L - le u c y l-$ -n a p h th y l-  
am idase, a re , on the o ther hand, present abundantly  in  the plasma 
membrane o f the liv e r  c e l ls .  C onsequently  the mechanism o f re lease  
o f these enzymes in to  serum is probably more com plica ted  than s im p ly  
due to  the breakage o f the plasma membrane. The d ia g n o s tic  
advantages o f these enzymes and c l in ic a l a p p lica tio n  o f a lk a lin e  
ribonuc lease  (RNase, a h igh  proportion o f w h ich  is  found in l iv e r  plasma 
membrane) are d iscussed  in the forthcom ing s e c tio n . In fo rm a tion  
a v a ila b le  on Y -g lu tam y ltra n sp ep tid a se  w i l l  a lso  be cons id e red . In  the 
liv e r  th is  enzyme has been dem onstrated in the c a n a lic u li o f the 
parenchyma and the c e lls  lin in g  the fin e  b il ia ry  duc tu les  (R osa lk i, 1975). 
D uring  liv e r  d isease  the behaviour o f th is  enzyme is  ra the r s im ila r  to  
tha t o f a lk a lin e  phosphatase and 5 '-n u c le o tid a s e  and is  the re fo re  a lso  
o f d ia g n o s tic  re levance .
a) The o r ig in  o f serum a lk a lin e  phosphatase in liv e r  d isease
To have a c le a r p ic tu re  o f the behaviour o f serum a lk a lin e  
phosphatase during liv e r  d is e a s e , i t  is  w orth  exam ining the o r ig in  o f
th is  enzyme in normal serum. Because o f the great problem o f 
ob ta in ing  fresh  tis s u e s  from normal humans, most o f the w ork describ ing  
the tis s u e  o rig in  o f th is  enzyme has been carried  out on experim enta l 
a n im a ls . These stud ies  ind ica ted  th a t serum a lk a lin e  phosphatase 
o rig in a te s  from severa l sou rces, n o tab ly  ske le ton , in te s tin e  and 
l iv e r .  The evidence presented la te r in th is  section  w i l l  show tha t 
bone and in te s tin e  con tribu te  the m ajor part o f serum a lk a lin e  phos­
phatase, a t least in normal ra ts  and dogs, w h ile  l i t t le  is  derived  from 
the l iv e r .
S tudies on the e ffe c ts  o f d ie t upon in te s tin a l and serum a lk a lin e  
phosphatase revealed th a t s im ila r  d ie ta ry  regim ens have s im ila r  e ffe c ts  
on the tw o enzymes (Tuba and M adsen, 1952; Tuba and Shaw, 1950). 
M adsen and Tuba (1952) stud ied the e ffe c ts  o f a number o f in h ib ito rs  
on a lk a lin e  phosphatase o f k id n e y , l iv e r ,  in te s tin e , bone and serum 
in fed and fasted ra ts . They concluded th a t in normal fas ted  ra ts  the 
m ajor portion o f serum a lk a lin e  phosphatase is  derived  from the in te s tin e , 
and one o r more o f the o ther tis s u e s  may con tribu te  a sm all po rtion  to  
the to ta l serum a lk a lin e  phospha tase . They suggested th a t the increased 
serum a lk a lin e  phosphatase in fe d , as compared to  fasted  ra ts  is  m a in ly  
due to  the en try  o f the in te s tin a l phosphatase in to  the c irc u la t io n .
S a in i and Posen (1969) supported the la tte r suggestion and found th a t 
serum a lk a lin e  phosphatase in fed ra ts  reacts  w ith  a n t i- ( ra t in te s t in a l-  
a lk a lin e  phosphatase). In  the case o f fas ted  ra ts , how ever, these 
authors dem onstrated th a t serum a lk a lin e  phosphatase was v ir tu a l ly  
unaffected  by a n t i- ( ra t in te s t in a l-a lk a lin e  phosphatase), and hence
m ust o rig in a te  e lsew here in the body. R ecently R ighe tti and Kaplan 
(1971) confirm ed th is  v ie w , and reported th a t bone is  the  m ajor source 
o f a lk a lin e  phosphatase in serum o f normal fasted  ra ts . They compared 
the properties o f the pu rified  enzymes from liv e r ,  bone, in te s tin e  and 
serum from fed and fasted  ra ts .  These authors used the e le c tro p h o re tic  
m o b il it ie s ,  e ffe c ts  o f neuram inidase d ig e s tio n , M ic h a e lis  co n s ta n ts , 
pH-optima and ra tes o f urea and heat denatura tion  as c r ite r ia  o f the 
o r ig in  o f the serum enzym e. They found th a t serum a lk a lin e  phos­
phatase in normal fasted  ra ts  o rig in a te s  from bone s in c e , a) both bone 
and serum enzymes m igrate id e n t ic a lly  on po lyacry lam ide ge l e le c tro ­
phores is , b) th e ir  e lec tro p h o re tic  m ig ra tion  ra tes are e q u a lly  s low e d  
a fte r neuram inidase d ig e s tio n , and c) both have s im ila r  M ic h a e lis  
co n s ta n ts , pH optim a and rates o f urea and heat dena tu ra tion .
In  liv e r  d ise a se , e leva ted  le ve ls  o f serum a lk a lin e  phosphatase 
have been assoc ia ted  w ith  o b s tru c tive  jaund ice  fo r more than 40 years 
(Roberts, 1930). In  1935, Armstrong and Banting suggested th a t the 
increased serum a lk a lin e  phosphatase in o b s tru c tive  jaund ice  is o f 
bone o r ig in  and th a t its  accum ula tion  in the blood is  due to  in te rfe rence  
w ith  its  exc re tion  in the b i le .  H ow ever, Freeman and Chen (1938) 
transfused normal dogs w ith  blood o f h igh  a lk a lin e  phosphatase a c t iv i t y ,  
obta ined from dogs 10 to  15 days a fte r lig a tio n  o f the common b ile  d u c t. 
They found th a t the increased phosphatase a c t iv ity  in the b lood o f the 
re c ip ie n ts  pers is ted  fo r severa l d a ys , fa l l in g  to  normal le ve ls  o n ly  
a fte r 5 to  7 d a ys . The authors in te rpre ted  th is  s low  d isappearance o f 
the in je c te d  phosphatase as in d ica tin g  e ith e r th a t most o f the  norm al
phosphatase o f the b ile  does not come from the serum, or th a t the 
phosphatase in jaund iced  blood is  bound to  some substance w h ich  
re ta rds its  excre tion  by the hepa tic  c e l ls .  In  s im ila r  experim ents , 
Cantarow  and M il le r  (1948) found th a t ve ry  l i t t le  o f the infused 
phosphatase could be recovered in the b i le .  The liv e r  thus appears 
to p lay l i t t le  part in c le a rin g  the in jec ted  a lk a lin e  phosphatase. 
Furtherm ore, Po I in e ta j. .  (1962) presented p o s itive  evidence w h ich  
ind ica te s  th a t the increased serum a lk a lin e  phosphatase in dogs a fte r 
lig a tio n  o f the hepa tic  duct is due to  an increased production o f the 
enzyme by the liv e r  ra ther than decreased e xc re tio n .
A pparently  co n tra d ic tin g  re su lts  were obta ined by LeVeen et a l . 
(1950) who showed th a t c a lf  duodenum a lk a lin e  phosphatase, in je c te d  
in traveno us ly  in to  dogs, was removed ra p id ly  from the c irc u la t io n  by 
the l iv e r .  The l iv e r  apparen tly  excre tes the in jec ted  m a te ria l over 
a ve ry  long pe riod , and the in jec ted  phosphatase appears in the b ile  
a t a constan t ra te , showing th a t a m axim al secre tory  c e ilin g  is  reached . 
The fu l l  recovery o f the in jec ted  dose in the b ile  ind ica te s  th a t the 
enzyme is  not ca tabo lized  o r ina c tiva te d  and the liv e r  serves p rim a rily  
as a regu la to r o f the secre tion  o f th is  enzyme in to  the b i le .  I t  should 
be rioted th a t the in jec ted  a lk a lin e  phosphatase used in th is  experim ent 
came from a species o f anim al d iffe re n t from the re c ip ie n t.
As w i l l  be ev iden t from the preceding d is c u s s io n , tw o opposing 
theories  have been proposed regard ing the increased serum a lk a lin e  
phosphatase in o b s tru c tive  liv e r  d is e a s e . The f i r s t ,  the " re te n tio n "  
th e o ry , sta tes th a t the e levated phosphatase re su lts  from in a b i l i ty  o f
the damaged l iv e r  to  excre te  phosphatase made in o ther t is s u e s , such 
as bone and in te s tin e  (Gutman, 1959). The second is the  "re g u rg ita tio n "  
theory  w h ich  assumes th a t the l iv e r  does not excrete a lk a lin e  phosphatase, 
and th a t hyperphosphatasem ia is  due to  re gu rg ita tion  o f the b ile .w h ic h  
con ta ins  a lk a lin e  phosphatase o f hepa tic  o r ig in  (Polin e t a_l., 1962).
The re su lts  o f Freeman and Chen (1938), CantGrow and M il le r  (1948) 
and o f o ther w orkers (e .g .  Sebesta et a_l. ,  1964; K ap lan, 1968;
Posen, 1967) argue in favour o f the re g u rg ita tio n  th e o ry .
More recent w ork by Kaplan and | \ ig h e t t i  (1970), on the o r ig in  
and mechanism o f e le va tio n  o f ra t serum a lk a lin e  phosphatase a fte r 
b ile  duct o b s tru c tio n , suggested th a t s im ple re g u rg ita tio n  o f the liv e r  
phosphatase is  o n ly  a p a rtia l exp lana tion  o f the increased serum enzyme 
le v e l, s ince  concom itan t induc tion  in the liv e r  phosphatase was e s s e n tia l 
fo r the serum e le va tio n  to  o ccu r. The increase in the liv e r  a lk a lin e  
phosphatase was severa l orders o f m agnitude g reater than the amount o f 
phosphatase th a t w ould n o rm a lly  be excreted in  the b ile  and th a t hence 
w ould be a va ila b le  to  accum ulate in  the liv e r  fo llo w in g  the b ile  duct 
o b s tru c tio n . These authors a lso  observed th a t the en tire  e le va tio n  in 
serum a c t iv ity  was due to  a steady increase in a new isoenzym e th a t 
had the same properties as the liv e r  a lk a lin e  phosphatase, and th a t the 
r ise  in  serum a c t iv ity  was in tim a te ly  re la ted  to  de novo syn thes is  o f 
th is  enzyme by the l iv e r .
b) O ther serum enzymes in hepa tic  d isease
Increas ing  in te re s t has been focussed on other serum enzymes both
as a ids  to  the d ia g n o s is  o f d iffe re n t liv e r  d iseases and to  ju s t i fy  the 
in te rp re ta tio n  o f the e leva ted  le ve l o f serum a lk a lin e  phosphatase. 
M easurem ents o f serum a lk a lin e  phosphatase and 5 '-n u c le o tid a se  
cou ld  g ive  a good in d ic a tio n  o f l iv e r  and bone d isease (S herlock, 
1968). M oreover, the le ve l o f serum 5 '-n u c le o tid a se  should be 
more s p e c if ic  fo r liv e r  d isease  than bone d ise a se , s ince there is 
re la t iv e ly  l i t t le  5 '-n u c le o tid a s e  in bone (Reis, 1951) as compared 
w ith  liv e r  (Essner et ad. ,  1958). The s u b ce llu la r d is tr ib u tio n  o f 
5 '-n u c le o tid a s e  in the l iv e r  is  g e ne ra lly  s im ila r  to  tha t o f a lk a lin e  
phosphatase, a c t iv it ie s  being found in the plasma membrane lin in g  
the b ile  c a n a lic u li and s inuso ids  w ith  o n ly  a ve ry  sm all proportion 
o f the a c t iv ity  in the c y to so l (E l-Aaser and R eid , 1969). An 
a d d itio n a l advantage o f 5 '-n u c le o tid a se  over a lk a lin e  phosphatase 
is th a t the form er rem ains re la t iv e ly  constan t in the same in d iv id u a l 
(Young, 1958).
D ixon  and Purdom (1954) were the f i r s t  to  study the le ve ls  o f 
5 '-n u c le o tid a se  in sera o f pa tien ts  w ith  d if fe re n t d ise a se s . They 
found e leva ted  va lues  in pa tien ts  w ith  d isease  o f the b il ia ry  tree but 
normal va lues  in those w ith  n e o p la s tic  bone le s io n s . These authors 
were unable to  fin d  c lose  co rre la tio n s  between 5 '-n u c le o tid a s e  leve ls  
and those o f a lk a lin e  phosphatase o r o f o ther measures o f he pa tic  
fu n c tio n , in pa tien ts  w ith  o b s tru c tive  jaund ice  o r o ther forms o f 
h e p a to b ilia ry  d ise a se . Since th e n , many w orkers have suggested th a t 
measurement o f 5 '-n u c le o tid a se  is  a use fu l te s t in d is t in g u is h in g  liv e r  
from bone d isease  (e .g . Young, 1958; H i l l  and Sammons, 1967;
B atsak is  e t a L , 1968; Lum and G am bino, 1972). O ther in v e s t ig a to rs , 
on the o the r hand, have regarded the es tim a tion  o f 5 '-n u c le o tid a s e  
as in fe r io r  to  th a t o f a lk a lin e  phosphatase (e .g .  W achs te in  and 
S ig ism ond i, 1958; Eshchar et a j, . , 1967; D avidge and P h ilp o t, 1966) 
as a d ia g n o s tic  a id .
C onne ll and D inw ood ie  (1970) inves tiga te d  the r e l ia b i l i t y  o f 
5 '-n u c le o tid a s e  le ve ls  as a means o f d is tin g u is h in g  l iv e r  from bone 
d isease  in humans, by com paring the a c t iv ity  o f serum 5 '-n u c le o tid a s e  
w ith  the a c t iv it ie s  o f the a lk a lin e  phosphatase isoenzym es. They 
used liv e r  and bone a lk a lin e  phosphatases, extracted  from the tis s u e s  
o f post-m ortem  hum ans, as m arkers fo r  the isoenzym es on po lyacry lam ide  
g e ls . P a rticu la r in te res t was focussed on cases where the re s u lts  o f 
o ther b iochem ica l te s ts  on both tis s u e s  were e q u ivo ca l. They reported 
th a t cases w ith  normal l iv e r  fu n c tio n  te s ts  and ra ised 5 '-n u c le o tid a s e  
were u s u a lly  assoc ia ted  w ith  increases in the liv e r  a lk a lin e  phosphatase 
isoenzym e and c l in ic a l evidence o f l iv e r  d is e a s e . On the o ther hand, 
cases w ith  normal l iv e r  func tio n  te s ts  and normal S '-n u c le o tid a se  some­
tim es showed increases in both the bone and l iv e r  isoenzym es. In  such 
s itu a tio n s , there was a v e ry  h igh inc idence  o f ca rc inom a, m a in ly  
p ro s ta tic . They concluded th a t i f  rou tine  liv e r  fu n c tio n  te s ts  are 
a lready  abnorm al, fu rth e r con firm a tion  by 5 '-n u c le o tid a se  e s tim a tion  
is unnecessary, but w ith  normal l iv e r  fu n c tio n  te s ts ,  an increased 
5 '-n u c le o tid a se  is  a reasonable in d ic a tio n  o f the presence o f some 
hepa tic  invo lvem en t.
W h ile  some s tud ies showed th a t there is  a d iffe rence  in the 
behaviour o f serum 5 '-n u c le o tid a s e  and a lk a lin e  phosphatase in the 
course o f hepa tic  d isease  (e .g . Eshchar et a L  , 1967), o thers have 
confirm ed a genera l h igh  co rre la tio n  in the leve l o f the tw o serum 
enzymes (e .g . Batsakis et^  ad. ,  1968). Hence the suggestion '' 
was made tha t the es tim a tion  o f the tw o enzyme leve ls  is  o f va lue  
in the d if fe re n t ia l d iagnos is  o f liv e r  d isease  (Phelan et a l . , 1971). 
These authors a lso  confirm ed the genera l h igh  degree o f co rre la tio n  
between abno rm a lities  o f serum a lk a lin e  phosphatase and S '-n u c le o ­
tid ase  in acute h e p a to b ilia ry  d ise a se . They represent the response o f 
serum leve ls  o f these two enzymes in acute liv e r  d isease as re fle c tin g  
the e ffe c ts  o f fa c to rs  w h ich  in fluence  the production or re lease  o f 
both phosphatases e s s e n tia lly  s im u lta n e o u s ly . H ow ever, in  ch ron ic  
liv e r  d ise a se , the d is s o c ia tio n  o f the leve ls  o f the two enzymes 
suggested to  them th a t changes may occur w h ich  operate s e le c t iv e ly  
on the production or re lease o f one or o ther enzyme at d if fe re n t stages 
o f the i l ln e s s .
E levated leve ls  o f y -g lu ta m y l transpep tidase  have been shown 
• to  be assoc ia ted  w ith  liv e r  d isease  (e .g . Lum and Gam bino, 1972; 
Rutenburg et a_l. ,  1963). M oreover, W h itf ie ld  e t a l . (1972) confirm ed 
a strong co rre la tio n  between serum y -g lu ta m y l tra n sp e p tid a se , a lk a lin e  
phosphatase and 5 '-n u c le o tid a se  in l iv e r  d is e a s e s . The d iseases were 
grouped into tw o ca te g o rie s , those in w h ich  the les ion  can be regarded 
as a ffe c tin g  p r in c ip a lly  the b il ia ry  system and its  fu n c tio n , and those 
in w h ich  the d isease  causes m a in ly  parenchymal c e ll dam age. They
found th a t the average serum a c t iv it ie s  o f a l l  three enzymes were three 
to  s ix  tim es g reater in b il ia ry  tra c t d isease  than in the parenchym al 
d isease  ca tego ry . H ence, th ey  concluded tha t fo r a ll  three enzym es, 
changes in a c t iv ity  in  serum re fle c t p r in c ip a lly  a lte ra tio n  in b il ia ry  
fu n c tio n  ra ther than damage to  the parenchymal c e l ls .  The d ia g n o s tic  
advantage o f y -g lu ta m y l tra n sp e p tid a se , as reported by these au tho rs , 
lie s  in its  h igher e le va tio n  re la t iv e  to  S '-nu c leo tidase  and a lk a lin e  
phosphatase. C onsequently  th ey  suggested th a t Y -g lu tam y l tra n s -  
peptidase w ould be the enzyme o f cho ice i f  o n ly  one es tim a tion  is  
to  be re lie d  upon fo r the d e te c tio n  o f la ten t o r chron ic  l iv e r  d is e a s e . 
H ow ever, there are tw o co ns ide ra tion s  aga ins t the use o f th is  enzyme 
a lone fo r the d e te c tio n  o f liv e r  d is e a s e . The f i r s t  o f these is the 
lack  o f s p e c if ic ity  o f th is  enzyme fo r h e p a to -b ilia ry  d isease ; the 
second is  the poss ib le  indu c tion  o f the enzyme in the l iv e r  by drug 
a d m in is tra tion  (ba rb itu ra tes and p h e n y to in ).
The mechanism o f the rise  in serum y -g lu ta m y l trans peptidase 
was inves tiga ted  re ce n tly  by K ryszew sk i et a l . (1973) who found th a t,  
in ra ts , the peak leve ls  o f a lk a lin e  phosphatase and 5 '-n u c le o tid a s e  
in serum were reached 24 h a fte r lig a tio n  o f the common b ile  d u c t, 
w hereas, a lthough the leve l o f Y -g lu ta m y l trans peptidase in serum 
rose ra p id ly , the peak leve l was not reached before 48 h and p o ss ib ly  
even la te r . M oreover, i f  drugs known to  in h ib it  p rote in  syn thes is  
are g iven  to  the ra t im m ed ia te ly  before l ig a tio n , the responses o f the 
liv e r  a lk a lin e  phosphatase, 5 '-n u c le o tid a se  and Y -g lu ta m y l tra n s ­
peptidase are d isp a ra te . The a d m in is tra tion  o f such drugs w as found
to  prevent the r ise  o f serum and liv e r  a lk a lin e  phosphatase, b u t’d id  
not a ffe c t the changes in 5 '-n u c le o tid a s e  and y -g lu ta m y l tra n sp e p tid a se . 
Some a lte ra tio n s  in the re la tiv e  le ve ls  o f the three enzymes were 
de tected  in the liv e r  and serum a fte r adm in is tra tion  o f such drugs to 
co n tro l a n im a ls . These re su lts  were enough to  conclude th a t the 
e a rly  changes in serum a c t iv it ie s  o f 5 '“ nuc leo tidase  and Y -g lu ta m y l 
transpep tidase  do not appear to  be due to  a rap id  increase in h epa tic  
syn th es is  o f these enzym es, but the e leva ted  serum a lk a lin e  
pho.sphatase a c t iv ity  was m a in ly  due to  the increased syn th e s is  o f th is  
enzyme in the l iv e r .
I t  seems then th a t during acute d iseases a ffe c tin g  the b il ia ry  
tra c t system , the three enzymes behave in s im ila r , though not 
id e n tic a l,  ways w h ile  in  ch ron ic  d isease  o f th is  na tu re , measurements 
o f 5 '-n u c le o tid a se  and y -g lu ta m y l trans peptidase become a more 
se n s itive  te s t than a lk a lin e  phosphatase. H ow ever, the s e n s it iv ity  
o f the serum a lk a lin e  phosphatase te s t and consequently  its  c l in ic a l 
r e l ia b i l i t y  seems to  depend la rg e ly  on the substra te  used in the assay 
m edium . G ene ra lly  persons using 3-g lyce rophospha te  as a substra te  
fo r a lk a lin e  phosphatase regard its  es tim a tion  as superio r to  th a t o f 
5 '-n u c le o tid a s e  (e .g .  Eshchar et aJG , 1967) in con tras t to  those  using 
phenyl phosphate as a substra te (e .g .  Lum and G am bino, 1972;
Phelan et a l . ,  1971). Th is to p ic  w i l l  be considered in the D is c u s s io n  
s e c tio n .
Serum leuc ine  amino peptidase (LAP) has a lso  rece ived  cons ide rab le
a tte n tio n  from va rious  c l in ic a l chem ists  and p a th o lo g is ts . C lin ic a l ly ,  
there is  a genera l agreement th a t e leva ted  leve ls  o f LAP (using L - le u c y l-
3 -naph thy lam ide  as substra te) in serum revea l the ex is tence  o f d iseases 
o f the liv e r  and h e p a to b ilia ry -p a n c re a tic  duc t system (Szdsz, 1964; 
B a tsakis et a_l. ,  1968; M e ricas  et aJL , 1964) . But w hether th is  enzyme 
can be used as an a id  to  d if fe re n tia te  between the va riou s  d iso rde rs  th a t 
a ffe c t the l iv e r ,  the b ile  duc t or the pancreas is  s t i l l  a m atte r o f q u e s tio n .
Rutenburg et a l .  (19 58) found th a t pa tien ts  w ith  cancer o f the 
pancreas not in vo lv in g  the h e p a to b ilia ry  tra c t had normal serum LAP 
leve ls ; but a s ig n if ic a n t increase was detected in many pa tien ts  w ith  
cancer w h ich  d id  invo lve  th is  t ra c t .  Th is te s t was a lso  found to  be a 
use fu l screening procedure fo r h e p a to b ilia ry  d isease  in jaund iced  and 
un jaund iced  p a tie n ts , but i t  does not d is t in g u is h  between d iffe re n t 
causes o f jaund ice  (D errick  e t a_l., 1963; M ericas  et a j . . , 1964).
I t  was stated by B ressle r et a L  (1960) th a t the assay o f serum LAP 
adds no u se fu l in fo rm ation  not a lready  provided by o ther te s ts  in 
common use when d iffe re n tia t in g  between the va rious  d iso rde rs  th a t 
a ffe c t the h e p a to b ilia ry  tra c t sys tem . Pineda e t 'a l .  (1960) reported 
th a t pa tien ts  w ith  carcinom a o f the head o f the pancreas or e x tra h ep a tic  
b il ia ry  tra c t had extrem e ly  h igh  serum LAP a c t iv it y .  A c t iv ity  was h ighe r 
in pa tien ts  w ith  o b s tru c tive  jaund ice  caused by tumours than in  those 
w ith  jaund ice  re su ltin g  from s to nes . Cancer o f the ta i l  or the body 
o f the pancreas caused m ild  e le va tio n  o f LAP a c t iv ity  in serum , and 
approx im ate ly  the same e le va tio n  was found in pa tien ts  w ith  acu te  v ira l  
or d rug-induced  h e p a t it is .  Serum LAP va lues  o f pa tien ts  w ith  common
duct o b s tru c tion  were o ften  e leva ted  before b il iru b in  or even a lk a lin e  
phosphatase. C onsequen tly , Pineda et a_l. (1960) concluded th a t serum 
LAP assays were more se n s itive  than serum a lk a lin e  phosphatase in 
d e te c tio n  o f hepa tic  m e ta s ta s is .
S tudies concern ing the re la t iv e  s p e c if ic it ie s  o f serum LAP, 
5 '“ n uc leo tidase  and a lk a lin e  phosphatase fo r o b s tru c tive  d isease  o f 
the p a n c re a tico b ilia ry  duct system  are la rg e ly  in agreem ent, w ith  the 
excep tion  o f the w ork reported by H orky et a l .  (1967) and W achs te in  
and 'S ig ism ond i (1958) (see b e lo w ). Kow lessar et a j.  (1961) subm itted 
a lo t o f  use fu l data on serum LAP a c t iv ity  and on the com parison o f 
th is  enzyme w ith  serum 5 '-n u c le o tid a s e  and a lk a lin e  phosphatase in 
the same p a tie n t. They reported th a t serum LAP is increased in  d iseases 
o f pancreas and h e p a to b ilia ry  tra c t characterized  by e ith e r in tra h e p a tic  
or ex trahepa tic  o b s tru c tio n  o f the b il ia ry  tre e , or by in f i l t ra t io n  or 
m e tastas is  o f the l iv e r .  Furtherm ore, they  confirm  the re s u lts  o f 
Rutenburg et a l .  (1958), in th a t serum LAP is  normal in cases w ith  
carcinom a o f the pancreas i f  obs tru c tion  o f the common b ile  d u c t has 
not taken p lace . The v ie w  o f Kow lessar et a l . (1961) was la te r 
supported by C u t il lo  et a l .  (1961) and Szdsz (1964) who showed th a t 
the increase in serum LAP a c t iv ity  in  h e p a tit is  is  not due to  in ju ry  o f 
the parenchym a, but to  damage o f the  b ile  d u c ts . E leva tion  o f LAP 
was found by Kow lessar et a l*  (1961) to  be c lo s e ly  pa ra lle led  by  r is e s  
in se rum 5 '-nuc leo tidase  and a lk a lin e  phosphatase. S im ultaneous 
de te rm ina tions o f a lk a lin e  phosphatase, LAP and 5 '-n u c le o tid a s e  were 
o f va lu e  in de term in ing  w hether the e le va tio n  o f the  f i r s t  enzyme in
serum is due to Liver o r bone d ise a se , a con c lus ion  w h ich  was Later 
confirm ed by Batsakis e t a l*  (1968) and Lum and Gambino (1972).
There are severa l enzymes in th e ‘body w h ich  w i l l  s p li t  the 
peptide Link between leuc ine  and another amLno ac id  and may thus be 
ca lle d  Leucine amino peptidases . Such enzymes are usuaLly found 
not to  be a b so lu te ly  s p e c if ic : th e y  can a lso  act on any N -te rm in a l 
a m ino -ac id  w ith  an a lip h a t ic  s id e -c h a in . H i l l  and Smith (19 57) 
sta ted th a t "The nature o f the s ide cha in  o f the residue bearing the 
free' d-am ino group has strong in fluence  on the rate o f h y d ro ly s is , 
whereas the residue bearing the n itrogen  o f the su scep tib le  bond 
has L ittle  in fluence  on the rate o f h y d ro ly s is " . Since th e n , s tud ies  
on the a c t iv ity  o f amino peptidase in mammalian system s have been 
d irec ted  p rim a rily  tow ards p u rif ic a tio n  o f th is  enzyme from tis s u e  
e x tra c ts  in order to  provide a d e f in it iv e  d e sc rip tio n  o f its  chem ica l 
and p hys ica l p rope rtie s . Th is  w ork cu lm ina ted  in the is o la tio n  o f 
am ino peptidases from p itu ita ry , lung , sp leen , thym us and k idn e y  
(Smith and H i l l ,  1960). The succe ss fu l iso la tio n  and fra c tio n a tio n  
o f the enzyme from liv e r  and serum perm itted the dem onstra tion  o f a 
number o f amino peptidase isoenzym es (Behai e t a_l., 1965). These 
isoenzym es show d iffe re n t behaviour patterns during hepa tic  d ise a se , 
(W achste in  and S ig ism ond i, 1958; H orky et a I . ,  1967). The am ino - 
peptidase assay was more se n s itive  than any o ther b iochem ica l index 
o f b il ia ry  obs tru c tion  when using L e u cy lg lycy lg lyc in e  and g ly c y l-  
g ly c in e  as su b s tra tes . A pparen tly  the am inopeptidase a c t iv ity  
measured w ith  L -le u c y l-3 -n a p h th y la m id e  as substra te  does not
represent the to ta l a c t iv ity  o f th is  enzym e. U n fo rtu n a te ly , most 
w orkers in c l in ic a l che m is try  and c l in ic a l patho logy regarded the 
enzymes w h ich  ca ta lyze  the h yd ro lys is  o f L - le u c y l-3 -n a p h th y la m id e  
as being fu l ly  rep resen ta tive  o f the a c t iv ity  o f leucine amino peptidase 
(LAP; designated as C la s s ic a l am inop ep tidase ).
N ach las et a j.. (1962) eva luated the s p e c if ic ity  o f the am ino - 
peptidases o f a range o f ra t tis s u e s  using seven subs tra tes , nam ely 
L - le u c y l- ,  g ly c y l- ,  L - a la n y l- , L -p h e n y la la n y l- , L -m e th io n y l- , 
L -g iu ta m y l- ,  and L -a rg in y l-3 -n a p h th y la m id e s , in the w hole tis s u e  
hompgenates and in the p a r t ia lly  p u rified  enzym e. They dem onstrated 
the n o n -s p e c ific  nature o f the am inopeptidase (LAP) as n o rm a lly  
assayed w ith  L - le u c y l-3 -n a p h th y la m id e . They a lso  fu rn ished  strong 
evidence th a t during the p u r if ic a tio n  procedure, another enzyme (s) 
is  rem oved.
Furtherm ore, i t  seems ev iden t th a t there are some d iffe re nce s  
between the am inopeptidases in normal serum and those assoc ia ted  
w ith  l iv e r  d ise a se . By use o f starch g e l e le c tro p h o re s is , K ow lessar 
et a_l. (1960) were able to  dem onstrate d iffe re n ce s  in the e le c tro p h o re tic  
m o b ilit ie s  o f the LAP a c t iv it ie s  o f normal and jaund iced  se ra .
D ioguard i et a j.. (1961) separated three peaks o f LAP from normal serum 
using D E A E -ce liu lose  chrom atography. Th is pattern was seve re ly  
a lte red  when serum from pa tien ts  w ith  h e p a to b ilia ry  d isease was u sed . 
M cD onald  et a l.  (1964) were able to  d is t in g u is h  at least three am ino­
peptidases in blood serum. O n ly  one o f these is  present in normal
serum, the o ther tw o appeared during tis s u e  in ju ry . The three enzymes
cou ld  be d is tin g u ish e d  by th e ir  th io l and ca tion  dependence and by th e ir
substra te  s p e c if ic it ie s .  Further he te rogene ity  is ind ica ted  by the
re s u lts  o f Behai et. aj.. (1963) who ch rom atograph ica lly  reso lved  the
LAP a c t iv ity  o f human serum in to  a number o f am inopeptidase com ponents.
Seven peaks o f am inopeptidase a c t iv ity  were recovered from DEAE-
c e llu lo s e  chrom atography (Behai e ta j. .  1964) designated as a , a 9 , a 9 ,1 z o
3 , , 3 9 , J L  and 3 . .  O n ly  fou r o f these am inopeptidase components1 Z O 4
■a3'f- ^ 1 ' ^ 2 ' ^3^ Q^S°  am i-no a c *-d 3 -naphthyLam ide, a t a
ra te  comparable to  th a t fo r the d ip e p tid e .
H ow ever, on com paring the le u c y l- 3-naph thy lam ide  hyd ro lys ing
enzyme found in liv e r  w ith  th a t in serum, i t  was found th a t enzymes
from both tis s u e s  e x h ib it s im ila r it ie s  in many re sp ec ts . Both m igra te
to the 0^ -g lo b u lin  reg ion on c e llu lo s e  aceta te  s tr ip s  (Smith and
Rutenburg, 1963), and show com plete loss o f a c t iv ity  w ith  EDTA, w h ich  
++ ++is  restored by Co and Zn ions (Smith et a_l., 1965). Further 
evidence fo r th is  s im ila r ity  was provided by the w ork o f Behai e t a I .
(1965) in th e ir  attem pt to  determ ine the tis su e  o rig in  o f the am ino­
peptidase components reported in serum (see above). As fa r  as the 
l iv e r  in concerned, the am inopeptidase a c t iv ity  appears in tw o 
ch rom a tog raph ica ily  d is tin g u ish a b le  peaks designated as liv e r-< *- , 
and live r-3 ~ a m in o p e p tid a se s . The form er showed maximum a c t iv ity  
toward both le u cy lg ly c in e  and le u c y l-3 -naph thy lam ide  w ith  m eta l 
dependence. The la tte r has no a c t iv ity  on the d ip e p tid e , no m eta l 
requirem ent and was se n s itive  to  purom ycin . By com paring the tw o
am inopeptidase components w ith  th a t o f serum the y  concluded th a t the 
l iv e r  may p o ss ib ly  be a source o f serum -am ino  pep tidase , a lthough  
the l iv e r  enzyme e lu tes  somewhat ahead o f the serum component (but 
does o ve rlap  to  a ce rta in  e x te n t). To them , i t  seems qu ite  probable 
th a t the l iv e r - 3-am ino peptidase may be id e n tic a l w ith  part o r a l l  o f 
the serum $2~ / anc* $ 3 “ am i-no peptidases since a l l  show s im ila r  e lu tio n  
p ro file s , d iv a le n t m eta l independence, res is tance  to in h ib it io n  by EDTA 
and puromycin s e n s it iv i ty .  As a re s u lt the term 'a ry lam idase " (or 
naphthylam idase) has been used to  des igna te  more a ccu ra te ly  the 
a c t iv ity  in the la tte r  liv e r  fra c tio n  (Behai e t a j , . , 1966).
The d iscu ss io n  in the above sec tion  is m a in ly  re s tr ic te d  to  the 
com parison o f serum am inopeptidase w ith  th a t found in l iv e r ,  w ith  
sp e c ia l a tte n tio n  to  c l in ic a l a p p lic a tio n s . D e ta ils  o f the p u r if ic a tio n  
m ethods, ch a ra c te riza tio n  and the s tru c tu ra l s tud ies  are beyond the 
scope o f th is  th e s is . Such s tud ies  were n ic e ly  d iscussed  by Stranes 
and Behai (1974) and Garner and Behai (1974).
E levated le ve ls  o f a lk a lin e  ribonuc lease  (RNase) have been reported 
in sera o f a number o f humans w ith  cancer, (e .g .  M ig lia re s e , 19 58;
Levy and RottinO , 1960). N eve rthe le ss , o n ly  a few  sys tem a tic  a ttem pts 
to determ ine the use fu lness o f the assay in c l in ic a l onco logy have 
appeared; perhaps because serum RNase e le va tio n s  were not found 
in a l l  s tud ies o f cancer p a tie n ts . S tudies have been reported show ing 
th a t in 60% o f cancer pa tien ts the average serum RNase le ve l was 
s ig n if ic a n t ly  h ighe r than the average le v e l noted in a group o f h e a lth y  
•subjects (Zytko and C antero , 1963). These fin d in g s  appa ren tly
co n tra d ic t the e a r lie r  re su lts  o f M e ta is  and M andel (19 55) and o f Houck 
and Berman (1958), who reported no change in the serum RNase le ve l 
in cancer p a tie n ts . H ow ever, an increased serum RNase le ve l was 
observed by Zlgman and A llis o n  (1959) in tum our-bearing ra ts , who 
suggested th a t th is  increase may be re la ted  to  the tumour g ro w th .
On the o ther hand, feed ing ra ts  w ith  d ie t con ta in ing  4 -d im e th y l-  
am inoazobenzene re su lts  in depress ion  o f serum RNase a c t iv ity  by 
50-60% compared to  th a t o f co n tro l ra ts  (Zytko and C antero , 1963).
They a lso  found th a t in ra ts , serum RNase resem bles " l iv e r "  RNase 
in its  pH fo r o p tim a l a c t iv ity ,  but d if fe rs  in th a t serum RNase is  
therm oLabile and is  com p le te ly  destroyed by heating fo r 3 m inu tes in 
b o ilin g  w a te r, w h ile  the liv e r  enzyme is  h e a t-re s is ta n t and shows o n ly  
a loss o f 15-20% o f the a c t iv ity  under s im ila r  heating  co n d itio n s  
(Zytko et a I . ,  19 58).
From the c l in ic a l data presented in th is  whole s e c tio n , i t  w ou ld  
appear th a t serum 5 '-n u c le o tid a s e , a lk a lin e  phosphatase, Y ~ g lu ta m y I 
tra nspep tid ase , and L - le u c y l-8 -n a p h th y la m id a s e  behave ra the r 
s im ila r ly  in cases o f liv e r  d ise a se . I t  w i l l  be ra ther in te re s tin g  to  
know th e ir  tis su e  o r ig in  and i f  a l l  are re leased by the same m echan ism .
1 : 2) MORPHOLOGY OF THE LIVER
The l iv e r ,  the  la rgest organ in the body, is enclosed by the 
connective  tissu e  capsule o f G lisson  and has a double b lood su p p ly .
The porta l ve in  b rings venous blood from the in te s tin e s  and sp leen , 
and the hepa tic  a rte ry , com ing from the co e lia c  a x is , su pp lies  the 
l iv e r  w ith  a rte r ia l b lo o d . Both v e s s e ls , toge ther w ith  the lym pha tic  
and b ile  d u c ts , en ter the liv e r  through the porta he pat is ,  ins id e  w h ich  
they  d iv id e  in to  severa l branches to  the r ig h t and le ft lob e s . The 
te rm ina l branches o f the porta l ve in  d ischarge th e ir  blood in to  the 
s inuso ids  ( l iv e r  c a p illa r ie s )  w h ich  are Irre g u la rly  d is p o s e d , n o rm a lly  
in a d ire c tio n  perpend icu la r to  the lines  connecting  the ce n tra l v e in s . 
The d ire c tio n  o f f lo w  is determ ined by the h igher pressure in the porta l 
ve in  than in the cen tra l v e in .
The liv e r  is  regarded as made up o f s in g le -c e ll p la tes or shee ts , 
pervaded by tw o system s o f tu n n e ls , the hepa tic  and porta l c a n a ls .
The s inuso ids  are lined  by large c e lls  w ith  o n ly  a ve ry  th in  laye r o f 
cy to p lasm . Some o f these c e lls  show rem arkable phagocyto tic  a c t iv i t y .  
A lthough attem pts have been made to  d is t in g u is h  d iffe re n t types o f 
lin in g  c e l l ,  l i t t le  agreement has been reached (Aterman, 1963). The 
name K u p ffe rce ll, w h ich  has been used fo r one o f these ty p e s , is  o ften  
extended to cover a ll  s inu so ida l lin in g  c e lls .  The ra t l iv e r  d if fe rs  
from th a t o f some other species in there being no dem onstrab le 
basement membrane to the s inuso ids  (Aterman, 1963). The lin in g  c e lls
in  the ra t Liver appear to  be separated from the m ic ro v i l l i  o f the 
parenchym al c e lls  s o le ly  by the space o f D is s e , w h ich  is f ille d -b y - 
a loose netw ork o f re t ic u lin  fib re s  p o ss ib ly  embedded in a ground 
su b s ta n ce .
The excre to ry  system o f the Liver begins w ith  the biLe c a n a lic u li,  
w h ich  Lie in grooves on the con tac t surfaces o f the Liver c e lls .  The 
c a n a lic u li ne tw orks d ra in  in to  the th in -w a lle d  b ile  ducts  and these 
te rm ina te  in larger ducts  in the porta l c a n a ls . The b ile  space is  
separated from the space o f D isse  by t ig h t jun c tio n s  between the 
Liver c e l ls ,  and g e n e ra lly  there is  no com m unications between these 
tw o spaces.
The in te r io r  o f the l iv e r  c e ll con ta ins  numbers o f d is t in c t ,  
m embrane-bounded o rg a n e lle s . These are i) nuc leus , i i)  m ito ch on d ria ,
i i i )  endoplasm ic re tic u lu m , iv) lysosom es, v) G o lg i appara tus, 
v i)  peroxisom es, v i i )  plasma m em brane. These system s o f c e ll  
components may now be considered b r ie f ly .
The n u c le u s , the Largest o rgane lle  o f the c e l l , con ta ins  m a te ria l 
w h ich  to  the h is to lo g is t is  chrom atin  and to  the b iochem is t d e o xy rib o - 
n u c le o p ro te in . The a p p lic a tio n  o f e lec tron  m icroscopy to  exam ine the 
nuc lea r s tructu re  a llow ed  the d e sc rip tio n  o f a number o f sp e c ia lise d  
reg ions in the n u c le u s . Such sp e c ia lise d  reg ions are the n u c le o li 
and the d ispersed and condensed chrom atin  (L itta u , et a j.. ,  1964; 
N a tiona l Cancer In s titu te  M onograph, 23 , 1966). The nuc leus has 
a doub le -con tou r membrane (Faw cett, 19 55) w ith  pores a llo w in g
in terchange w ith  the surrounding hya lop lasm . The outer membrane 
is  con tinuous w ith  the endoplasm ic re ticu lum  (W atson, 1955) and 
has attached ribosom es (Palade, 1955). The nucleus was found 
to  be the storage s ite  o f the gene tic  in fo rm a tio n . I t  is  a lso  be lieved  
to con ta in  some o f the energy m etabolism  enzymes (G eorg iev, 1967) 
and to syn thes ise  r ib o n u c le ic  a c id , some o f w h ich  is transported  
from the nucleus to  the cytop lasm  as ribonuc leop ro te in  p a r tic le s .
In  the cy to p lasm , such p a rtic le s  form ribosom es and polysomes w h ich  
are found e ith e r free or a ttached to  the endoplasm ic re ticu lum  membranes.
The m itochondria  are Large o rgane lles  w h ich  are surrounded by 
a double membrane, the inner membrane being invag ina ted  to  form 
grooves o r c ris ta e  and d if fe r in g  from the ou te r membrane in enzym ology, 
lip id  com position  and d e n s ity  (Schnaitman et a I . ,  1967; Parson and 
Yano, 1967). Both membranes show the usual th re e -la ye re d  s tructu re  
and have the same d im ensions (Thompson et a j, . , 1968) . W ith in  these 
two membranes, an enormous number o f ene rgy-p rov id ing  processes 
take place (e .g .  Roodyn, 1967).
The endoplasm ic re ticu lum  appears as lam e lla r p ro file s ; i f  i t  is  
Lined by g ranu les , ca lle d  ribosom es, i t  is  designated  rough endoplasm ic 
re tic u lu m , th is  is invo lved  in the syn thes is  o f 'e xp o rt' p ro te in . 
Endoplasm ic re ticu lum  w ith o u t ribosom es is smooth and is  the s ite  o f 
a v a r ie ty  o f enzymes inc lud ing  those respons ib le  fo r  the d e to x if ic a t io n  
o f drugs and syn thes is  o f s te ro id s . The Lysosomes are dense b o d ie s , 
ad jacen t to  the b ile  c a n a lic u li.  They con ta in  many h y d ro ly tic  enzymes 
•w h ich , i f  re leased , as they  m igh t be under pa tho lo g ica l c ircum stan ce s ,
cou ld  de s tro y  the c e l l .  The G o lg i apparatus co n s is ts  o f a system o f 
p a rtic le s  and v e s ic le s ,  again ly in g  near the canaL icu lus . The aspect 
o f fu n c tio n  o f the G o lg i-e n d op la sm ic  re ticu lu m -lysosom e  (GERL) 
com plex wiLL be d iscussed  Later in connection  w ith  the fa te  o f an im al 
g ly c o p ro te in . The peroxisom es are the m icrobod ies Long known to  
the eLectron m ic ro sco p is ts  to  be o f s im ila r  s ize  to  Lysosomes. They 
are hard to  separate from Lysosomes, but d if fe r  from them in having 
a dense core o f o sm oph ilic  m a te r ia l. They con ta in  ox idoreductases 
ra the r than hydro lases (Roodyn, 1967). The plasma membrane, the 
seventh part o f the Liver c e ll  w i l l  be d iscussed  in detaiL in the 
fo llo w in g  s e c tio n .
1 : 3) THE PLASMA MEMBRANE CONCEPT
The surface laye r surrounding Living ceLLs, w h ich  ac ts  as a 
b a rrie r between the in te r io r  o f the c e il and its  exte rna l m ilie u , is
•k
caLled the plasma membrane (Sm ith/ 1962). BroadLy speak ing / tw o 
main fu n c tio n s  can be a ttr ib u te d  to  the plasma membrane: i t  p lays a 
ro le  in in tra c e llu la r  m etabolism ; and m ediates in te rac tio n s  between 
the c e ll and its  ex te rna l e nv ironm en t.*  The s im p les t o f these in te r­
ac tions  m a in ta ins  a d es ira b le  in tra c e llu la r  m ilie u  by b ring ing  in 
needed substances and ge tting  rid  o f w aste p roducts . The plasma 
membrane acts  as a passive d if fu s io n  b a rrie r to  charged and Large 
m o le cu les / and in add itio n  ca rrie s  out fa c ilita te d  d if fu s io n / a c tive  
tra n sp o rt/ endocytos is  (p in o cy to s is  and phagocytosis) / and e x o c y to s is . 
On a more com plex Level/ c e lls  m ust communicate w ith  each other; 
th is  is e s p e c ia lly  im portant in the form ation and m aintenance o f m u lt i-  
c e llu la r  o rgan ism s. The plasma membrane fu nc tio ns  in the secre tion  
and recep tion  o f hormones, the conduction  o f nerve im pu lses , and in 
d ire c t c e llu la r  in te rac tions  such as adhesion and con tact in h ib it io n .  
F in a lly ,  on ye t another le v e l, the plasma membrane may be invo lve d  in 
such soph is tica te d  processes as im m unolog ica l defence and in fo rm a tion  
s to rage . The concept o f plasma membrane has been re c e n tly  rev iew ed 
by DePierre and Karnovsky (1973).
D e ta ile d  s tud ies  o f plasma membrane fu n c tio n , w h ich  is  in t im a te ly
*  Synonym: c e ll membrane.
connected w ith  the membrane s tru c tu re , demanded the is o la tio n  o f 
such membrane in a pure s ta te , e s s e n tia lly  free o f in tra c e llu la r  
membranes.
IsoLatlon o f plasma membrane may con ve n ie n tly  be d iv id e d  in to  
f iv e  sequen tia l steps: cho ice  o f the tis su e  to  be used, se le c tio n  o f 
m arkers, d is ru p tio n  o f the t is s u e , fra c tio n a tio n  and a n a ly s is . Some 
va lu a b le  In form ation has come from in ve s tig a tio n s  on e ry th rocy te  
plasma membrane using e ry th rocy te  ghosts (e .g . W h itta m , 1962;
G lynn , 1968). Mouse and ra t liv e rs  were the next most popular 
tis su e  chosen fo r plasma membrane is o la tio n  in the va s t m a jo r ity  o f 
cases (e .g .  Emmelot and Bos, 1962; N e v il le ,  1960; Evans, 1969;
H in ton  e t a d ., 1970). Plasma membranes from many o ther tis s u e s  
have a lso  been s tu d ie d .
In  any is o la tio n  o f one component from a m ix tu re , i t  is  obviousLy 
necessary to  have an assay fo r  th a t com ponent. Assays fo r the o the r 
components present In  the o r ig in a l m ix tu re  are a lso  o f c r i t ic a l im portance . 
M oreover, to  fo llo w  the d is tr ib u tio n  o f a ce rta in  o rg a n e lle , tw o  approaches 
can be used. F irs t,  i f  the o rgane lle  in question  has a d is t in c t iv e  
m orpho logy, m icroscopy can be used to  eva lua te  p u r ity . S econd ly , 
c h a ra c te r is tic  enzymes may be used to  fo llo w  the d is tr ib u tio n  o f an 
o rgane lle  throughout the fra c tio n a tio n  p rocess.
As fa r as l iv e r  plasma membrane is concerned, both morphoLogicaL 
and enzym atic  markers are fo rtu n a te ly  a v a ila b le . L ive r c e lls  form 
ju n c tio n a l com plexes w ith  ne ighbouring c e lls  (Bloom and F a w ce tt, 1968).
These ju n c tio n s  are e a s ily  id e n tifie d  in e lec tron  m icrographs and 
appear to  remain in ta c t during hom ogenisation o f the l iv e r .  Membrane 
sheets were obta ined ly ing  ad jacen t to  such complexes or s tre tch in g  
between two ju n c tio n s  (N e v il le , 1960). The m ic ro v i l l i  ex tend ing  into 
the b ile  c a n a lic u li were a lso  found to  be re s is ta n t to  gentle  
hom ogenisation (Emmelot et a j, . , 1964). These features provide 
e x c e lle n t m orpho log ica l c r ite r ia  fo r the id e n tif ic a tio n  o f liv e r  c e ll 
plasma membrane. Furtherm ore, Benedetti and Emmelot (1968a,b) 
described  o ther d is t in c t iv e  fea tures o f the appearance o f ra t liv e r  
plasma membrane. The plasma membrane is  d iffe re n t from the endo­
p lasm ic re ticu lum  in being th ic k e r  and in showing a t r ip le - la y e r  
structu re  more re a d ily .  The hexagonal appearance o f the plasma 
membrane surface is  shared by ne ithe r the endoplasm ic re ticu lu m  nor 
the m ito ch on d ria . F in a lly  the g lo b u la r knobs, revealed by nega tive  
s ta in in g , are d if fe re n t from those-on the endoplasm ic re ticu lu m  and 
m ito ch ond ria l membrane. H ow ever, the problem o f how to  q u a n tify  
the m orpho log ica l m arkers a r is e s . I t  is d i f f ic u lt  to  ach ieve  random 
sam pling and to  dec ide  e x a c tly  yd ia t to  q u a n tify , e s p e c ia lly  on a 
m inute sca le  as th a t used fo r e lec tron  m ic roscopy , though some progress 
has been made in th is  f ie ld  (de D uve , 1971).
In  sp ite  o f a l l  the problems assoc ia ted  w ith  the use o f e le c tron  
m icroscopy to  e luc ida te  plasma membrane s tru c tu re , th is  techn ique  
neverthe less does perm it genera l agreement th a t the plasma membrane 
is made up o f a lip o p ro te in  core covered by a periphera l g ly co p ro te in  
co a t, and con ta ins  on its  surface sp e c ia lise d  ju n c tio n a l co m p lexe s .
H igh m a g n ifica tio n  e lec tron  m icrographs o f plasma membrane showed 
the presence o f a tr ip le - la y e re d  structu re  w ith  an average w id th  o f 
about 80 X . H ow ever, the to ta l w id th  o f the membrane e lem ent and 
the d im ensions o f the in d iv id u a l layers may va ry  from c e ll to  c e l l .
In  a d d it io n , d iffe re n t f ix a tiv e s  appeared to  revea l d if fe re n t d im ensions 
(Benedetti and Emmelot, 1968a). The prote in  and the po la r groups 
o f the phospho lip ids con tribu te  to  the h e a v ily  sta ined s tra ta , whereas 
the lig h t layer may represent l ip id .  The w id th  o f the lig h t zone is  
such as to  accommodate a lip id  b ila y e r (Robertson, 1964; S jds trand , 
1968) thus provid ing  an experim enta l v e r if ic a t io n  fo r the b ile a f le t  
hypo thes is  o f D a n ie ll i  and Davson (193 5). The e x tra c e llu la r  s ide 
o f the membrane was found to  be ch e m ica lly  d iffe re n t from the in s id e , 
s ince  d iffe re n t chem ica l re a c t iv it ie s  were observed to  f ix in g  a gen ts . 
Such asym m etry is  not re s tr ic te d  to  a d if fe re n t ia l a f f in i ty  o f the tw o 
membrane le a fle ts  fo r f ix in g  and s ta in ing  agents: ce rta in  enzymes 
(W hittam  and Ager, 1964), ionogenic  groups (W a liach  et a l . ,  1966), 
inso lu b le  an tigens and s ia l ic  ac id  (Benedetti and Emmelot, 1968a) 
have a lso  been dem onstrated to  be a sym m e trica lly  loca ted .
There is  now a good dea l o f evidence th a t a g lyco p ro te in  or a 
p o lysa cch a rid e -r ich  layer coats the surface o f m any, i f  not a l l ,  
mammalian c e lls  (e .g . Benedetti and Emmelot, 1968b). Th is g ly c o ­
pro te in  coat is  probably filam en tous  in nature and respons ib le  fo r 
m ost o f the surface properties o f the c e l l .  Benedetti and Emmelot
(1965) showed a g lo b u la r s tructu re  on the plasma membrane surface 
a fte r negative  s ta in in g 'w ith  phosphotungstate . These g lo b u la r u n its
are o f an averago d iam ete r o f 50-60 A and attached to  the membrane
e ith e r d ire c t ly  or v ia  a short c o n s tr ic tio n  o f about 20 S . Such a 
g ranu la r appearance was a lso  dem onstrated by Cunningham and Crane
(1966) on the ou ts ide  surface o f the in te s tin a l m ic ro v i l l i .  A cco rd ing ly  
the plasma membrane was c la im ed to  be id e n tif ia b le  in a m ixtu re  
con ta in ing  d if fe re n t membrane ty p e s . Is o la tio n  o f the granu la ted 
p a rtic le s  from d iffe re n t tis su e s  (Oda and S ek i, 1966; Emmelot et a d ., 
1968) supports the v ie w  th a t such p a rtic le s  represent a sp e c ia lise d  
reg ion o f the c e ll surface and are not a r t ifa c ts  o f the s ta in in g  m ethod. 
These g lo b u la r areas seem to  be e n zym a tica lly  h ig h ly  d is tin g u is h a b le  
from the o ther parts o f the plasma membrane .(Emmelot and V is s e r,
1971, see p . 39).
A lthough i t  seems th a t the w hole plasma membrane has the same 
fundam enta l s tru c tu re , a number o f sp e c ia lise d  reg ions were found on 
the c e ll  su rface , v iz .  the ju n c tio n a l com plexes. Three types o f 
ju n c tio n s  have been described : the desmosome, the in te rm ed ia te  and 
the t ig h t ju n c tio n s . In an endo the lium , the t ig h t ju n c tio n  ac ts  as a 
con tinuous b e lt surrounding a segment o f the c e l l ,  separating the in tra ­
c e llu la r  space from the lumen (Farquhar and Palade, 1965). U nder the 
e lec tron  m icroscope , these ju n c tio n s  appeared to  have a fiv e - la y e re d  
s truc tu re  o rig in a tin g  from tw o membranes (two tr ip le - la y e r )  fused 
to g e th e r. No g lyco p ro te in  cou ld  be detected in the t ig h t ju n c tio n s  
between e p ith e lia l c e lls  (Rambourg, 1966; Rambourg and L e b lo n d , 1967), 
perhaps because the carbohydrate coat o f the outer membrane le a fle ts  
is removed when the tw o membrane are fu se d . The c o n tin u ity  o f the 
ce n tra l line  was found to  be in te rrup ted  a fte r the t ig h t ju n c tio n s  had
been trea ted  w ith  EDTA. A fte r such trea tm en t, the in te rm ed ia te  line  
appeared under the e le c tron  m icroscope as a row  o f g lobu les  ra ther 
than as the con tinuous dense line  found in the untreated ju n c tio n  
(B enede tti and Emmelot, 1968a). ‘
The in te rm ed ia te  ju n c tio n  and desmosome are each b u il t  up 
from two plasma membranes cemented toge ther on the e x tra c e llu la r  
s id e . Both ju n c tio n s  are be lieved  to act as attachm ent d e v ic e s .
The in term ediate  ju n c tio n  is  characterised  by an in te rc e llu la r  plug 
o f re la t iv e ly  low  d e n s ity  and by a th ic k  layer o f cy top lasm ic  m a te ria l 
surrounding i t  from e ith e r s id e . The w id th  o f these ju n c tio n s  was 
found to  be d if fe re n t in d if fe re n t c e lls ; indeed they  may be com p le te ly  
ab sen t. Such changes in the w id th  are compensated by changes in 
the w id th  o f the t ig h t ju n c tio n s  (Farquhar and Palade, 1963). 
Desm osom es, w h ich  are sm a ll patches on the c e l l ’ s su rfa ce , are 
cha racte rised  in th in  sec tions  by a th ic k ,  dense in tra c e llu la r  plug 
w ith  a lam inar appearance. The cy top lasm ic  layer appears as a sho rt, 
c ircum scribed  plaque ra the r than as a d iffu se d  th ic k  laye r (Benedetti 
and Emmelot, 196 8a ).
I t  is  w orth po in ting  out here th a t iso la ted  fragm ents o f plasma 
membrane from d iffe re n t portions o f the c e ll  w i l l  have q u ite  d is t in c t  
m orpho log ica l s tru c tu re s . H ence, i t  is  r is k y  to  re ly  o n ly  on 
m orphology to te s t the p u rity  o f the iso la te d  plasma membrane.
The o ther means by w h ich  the plasma membrane can be id e n tif ie d  
is  by the use o f m arker enzym es, but these m ust be v a lid a te d  by
cy toch em ica l s ta in in g . These techn iques have th e ir  own d if f ic u lt ie s ,  
but the plasma membrane lo c a liz a tio n  fo r a number o f enzymes has 
been s u c c e s s fu lly  proved. B r ie f ly , the c la s s ic a l enzyme markers 
used fo r plasma membrane w e re ;-
S '-n u c le o tid a se  (e .g .  E l-A aser et a I . f 1970; F le isch e r
and F le is c h e r, 1969; Evans, 1969; 
H in ton  et a l . f 1970; G iacob ino  and 
P e rre le t, 1971; Reid, 1967; Coleman 
• e t a L /  1967; W o lff and Jones, 1971).
Leucine am inopeptidase (e .g . Evans, 1969, 1970a; HUbscher
e t a l . ,  1965).
Adenyl cyc lase  (e .g .  McKee I and Jare tt, 1970; W o lf f
and Jones, 1971; Pohl e t a L  , 1971; 
Ray, 1970).
A lk a lin e  phosphatase (e .g .  Emmelot e t a l . , 1964; Graham
et a_L , 1968).
(Na+/K +) ATPase (e .g .  Gahmberg and S im ons, 1970;
Yam ashita and F ie ld , 1970; Evans, 
1970a; W a lla ch  and Kamat, 1964).
From the above d is c u s s io n , i t  seems th a t a com bina tion  o f 
m orpho log ica l m arkers and enzyme a c t iv it ie s  m ight provide e x c e lle n t 
c r ite r ia  fo r the pu rity  o f iso la te d  plasma membrane fragm ents .
1 : 4) ISOLATION OF LIVER PLASMA MEMBRANE 
AND ITS HETEROGENEITY
In any c e ll fra c tio n a tio n  te ch n iq u e , the aim o f the procedure is  
to separate a p a rticu la r c e ll component in ta c t and undamaged. In  the 
case o f l iv e r  c e ll plasma membrane, th is  is im po ss ib le , s ince th is  
membrane must be broken in order to  re lease the conten ts  o f the c e ll 
and to  ob ta in  plasma membrane free from co n tam in a tion . So fa r ,  the 
in te g r ity  o f the ce ll-m em brane has been sa c rif ice d  in a l l  the is o la tio n  
procedures. W hat is  a lso  o f im portance, is the exten t to  w h ich  the 
membrane is  fragmented throughout the hom ogenisation p rocess. M ild  
m echan ica l hom ogenisation (e .g .  the Potter-E lveh jem  hom ogeniser; 
H in to n , 1972) breaks the ce ll-m em brane into  large sheets sed im enting 
w ith  the nuc lea r fra c tio n  and sm a ll fragm ents sedim enting in the 
m icrosom al fra c tio n . In  case o f d ra s tic  rupture o f the c e ll (e .g .  gas 
c a v ita t io n , Kamat and W a lla c h , 1965; or pressure c e ll tre a tm en t,
Cook et a j.. ,  1965), the membrane becomes fragmented to  v e s ic le s  
w h ich  sedim ent w ith  the m icrosom al fra c tio n .
M ethods have long been a va ila b le  fo r p u rif ica tio n  o f plasma 
membrane sheets from the crude nuc lea r fra c tio n . A n ice  re v ie w  o f 
the p u rif ic a tio n  o f large sheets o f plasma membrane was presented by 
H in ton  (1972).
In  b r ie f, N e v il le * (1960) was the f i r s t  to  pu rify  ra t liv e r  plasma
membrane. H is  techn ique cons is ted  o f a gentle  m echanica l 
hom ogenisation  o f the liv e r  c e lls  in b icarbonate  b u ffe r. The large 
sheets o f plasma membrane were m a in ly  concentrated in the s low  
speed p e lle t (1500 x  g fo r 10 m in u te s ). C ontam inating m a te ria ls  
were removed by m u ltip le  w ashing and f in a l ly  the plasma membrane 
was pu rified  by isopycn ic  f lo ta tio n  in a d iscon tin uous  sucrose g rad ien t 
a t a d e n s ity  o f 1 .16  -  1 .2 2 . Since th e n , th is  procedure has been 
m od ified  by in troduc ing  o ther sucrose so lu tions  o f d iffe re n t d e n s itie s  
in the f in a l f lo ta t io n  step in order to  reduce the con tam ina tion  by 
m ito ch on d ria l membranes (e .g .  Emmelot e t c d . , 1964; Touster e t a I . ,
1970). W ith  the developm ent o f the zonal ce n trifu g a tio n  te ch n iq u e , 
many inve s tig a to rs  (e .g .  E l-A aser et a l . ,  1966a; Evans, 19.69,
1970a,b; H in ton  et a I . ,  1970; Prospero and H in to n , 1973), took 
advantage o f the large vo lum es o f zonal ro to rs to  compensate fo r the 
low  y ie ld  o f the in i t ia l  te c h n iq u e .
Accord ing to  the above m entioned au tho rs , the plasma membrane 
iso la te d  from the crude nuc lea r fra c tio n  (whether from zonal ro to rs  or 
isop ycn ic  f lo ta tio n  in tubes) o rig in a te s  predom inantly from the b ile  
c a n a lic u la r  side o f the ce ll-m e m bra n e . W ith  the iso la ted  plasma 
membrane shee ts , the ex is tence  o f sm all v e s ic le s  was a lso  reported 
(e .g .  P fleger et a j.. ,  1968; Benedetti and Emmelot, 1968a). Apart 
from th is  m ic roscop ic  de te c tio n  o f some v e s ic le s  Evans (1970b) was 
the o n ly  one who reported th a t the plasma membrane iso la ted  from the 
crude nuc lea r fra c tio n  does con ta in  sub frac tions  o f d iffe re n t d e n s ity  
and enzym atic  co m p o s itio n . Since the re su lts  o f Evans are c lo s e ly
re la ted  to  our re s u lts , these w i l l  be d iscussed  in d e ta il toge ther 
w ith  the re su lts  obta ined during th is  in ve s tig a tio n  .
As the plasma membrane iso la ted  from the crude nuc lea r fra c tio n  
‘ appeared to  be derived  m a in ly  from the b ile  c a n a lic u li,  the s in u so id a l 
membrane was expected to  be concentra ted in the m icrosom al fra c tio n  
(H in ton  e t a d ., 1971). Kamat and W a lla c h , (1965) were the f i r s t  to 
a ttem pt the separation  o f the m icrosom al plasma membrane from the 
b u lk  o f the m icrosom es ( i . e .  the endoplasm ic re ticu lum  fragm ents) o f 
E h rlich  a sc ite s  carcinom a c e l ls . They sub fractiona ted  m icrosom es 
by isop ycn ic  ce n tr ifu g a tio n  on F ic o ll g rad ien ts  and found the plasma 
membrane at a median d e n s ity  o f 1 .07  . Graham e ta j, .  (1968) used 
e s s e n tia lly  the same procedure to separate the plasma membrane 
fragm ents w h ich  sedimented w ith  the m icrosom es o f ra t l iv e r .  From 
th e ir  re su lts  i t  appeared th a t the plasma membrane so prepared was 
ve ry  l i t t le  contam inated w ith  o ther fra c tio n s  as fa r as the enzyme 
a c t iv it ie s  reported can t e l l .  E recinska et a j.. (1969) a lso  c la im ed 
to  have iso la ted  ra t l iv e r  m icrosom al plasma membrane by the method 
o f Kamat and W a lla ch  but no fu rthe r d e ta ils  were g iv e n .
House and W eidemann (1970) separated the m icrosom al plasma 
membrane using a d iscon tinuous  F ic o ll g rad ien t o f d e n s itie s  1 .1 0 4 ,
1 .055 and 1 .036 . The plasma membrane, co lle c te d  in the 1 .036 F ic o ll 
d e n s ity  band was found to  be r ic h  in 5 '-n u c le o tid a s e , phosphodiesterase 
and ATPase as compared to  the whole liv e r  hom ogenate. Touster e t a l . 
(1970) used a d iscon tinuous sucrose d e n s ity  g rad ien t buffered w ith  
•5 mM T r is -H C l,  pH 8 .0 , as an a lte rn a tive  procedure fo r preparation  o f
m icrosom al plasma membrane. They recovered the plasma membrane 
as a tu rb id  w h ite  m a te ria l o f d e n s ity  1 .15  w ith  re la t iv e  s p e c if ic  
a c t iv it ie s  o f 5 '-n u c le o tid a se  and phosphodiesterase about 20 tim es 
th a t o f g lucose 6 -phosphatase .
Advantage has a lso  been taken o f zonal ce n tr ifu g a tio n  ro to rs in
the m icrosom al su b fra c tion a tio n  techn ique . E l-A aser e t a l . (1966b)
were able to; perform an isop ycn ic  zonal ce n trifu g a tio n  on ra t l iv e r
postm itochondria  I supernatant in a B-IV zonal ro to r. F ra c tion a tion
was carried  out by an iso p ycn ic  sed im enta tion  procedure using a
sh a llo w  sucrose g rad ien t o f d e n s ity  1 .05  to  1 .2 .  They found th a t,
w ith  no m eta l ions added to  the hom ogenisation medium or g ra d ie n t,
separation d id  occur between the low  d e n s ity  e lem ents bearing
5 '-n u c le o tid a se  and those w ith  g lucose 6 -phosphatase a c t iv ity ,  but
there was a cons iderab le  overlapp ing  between the tw o peaks. A d d itio n  
2+o f 4 -15  mM Mg ions -was reported to  improve the separation by 
v ir tu e  o f a s h ift o f the g lucose  6-ph osp h a ta se -con ta in in g  v e s ic le s  to  
a h igher median d e n s ity .
H in ton  et a l.  (1971) attem pted to separate the plasma membrane (of
m icrosom al s ize) from the endoplasm ic re ticu lum  using an exp onen tia l
sucrose g rad ien t in B-XV and B-XIV zonal ro to rs . They reported th a t
2+in the absence o f Mg io n s , o n ly  the rough endoplasm ic re ticu lum  
fragm ents are obta ined in pu rified  fo rm , w ith  ve ry  l i t t le  separa tion  
between the peak a c t iv it ie s  o f 5 '-n u c le o tid a se  and g lucose  6-  
phosphatase in the lig h t zone o f the g ra d ie n t. The best separa tion
between 5 '-n u c le o tid a s e  and g lucose 6 -phosphatase was obta ined
2 +o n ly  a fte r the a d d itio n  o f 5 mM Mg . to  the hom ogenisation medium
and the g ra d ie n t, but the p u rif ic a tio n  o f the plasma membrane fragm ents
d id  not r ise  as much as the y  had e xp e c te d . F lo ta tio n  ra the r than
sed im enta tion  resu lted  in be tte r separation  between the tw o enzyme ’
peaks. Treatment o f the m icrosom al fra c tio n , a fte r s o n ica tio n , w ith  
2 +0 .5  mM Pb resu lted  in the is o la tio n  o f a fra c tio n  h ig h ly  enriched 
w ith  fragm ents con ta in ing  5 '-n u c le o tid a se  a c t iv ity .  M o reover,
H in ton  et a l .  (1971) reported th a t a fte r lead treatm ent the d is tr ib u tio n  
o f the plasma membrane m arkers, o ther than 5 '-n u c le o tid a s e , ind ica tes  
th a t the membrane fragm ent respons ib le  fo r the nuc leo tidase  a c t iv ity  
peak is not fu l ly  rep resen ta tive  o f the plasma membrane m a te r ia l.
Such treatm ent resu lted  in the separation o f types o f plasma membrane 
fragm ents w ith  d is t in c t iv e  d iffe rences  in enzyme co n te n t.
Thines-Sem poux et a l .  (1969) sub fractiona ted  the m icrosom al 
fra c tio n  resuspended in 0 .25  M  sucrose, 3 mM im id a zo le , in the 
Beaufay ro to r (Beaufay, 1966; s p e c ia lly  designed fo r isop ycn ic  
sed im en ta tion ), w ith  a sucrose d e n s ity  g rad ien t extend ing to  1 .3 4 .
They stud ied  the d is tr ib u tio n  o f the endoplasm ic re ticu lum  enzymes 
toge the r w ith  some o f the plasma membrane m arker enzym es. They 
were able to  de tec t a group o f v e s ic le s  enriched w ith  S '-n u c le o tid a se  
and cho le s te ro l w ith  a low  median d e n s ity  as compared to  th a t o f 
smooth and rough endoplasm ic re tic u lu m . A s im ila r  d is tr ib u tio n  was 
found fo r the ou te r m itochondrion  membrane fragm ents as ind ica ted  by 
monoamine oxidase a c t iv ity .  These re s u lts , toge the r w ith  those o f
other in ve s tig a to rs  desc rib ing  the heterogenous d is tr ib u tio n  o f the 
plasma membrane marker enzymes in the m icrosom al fra c tio n  w i l l  be 
fu rthe r d iscussed  toge the r w ith  our own re s u lts .
1 : 5) IM M UNO LO G ICAL STUDIES OF THE 
LIVER CELL MEMBRANE
As has been d e sc rib e d , the c e ll membrane is  a com plica ted  
s truc tu re  co n s is tin g  o f a lip o p ro te in  membrane coated w ith  a 
g ly c o p ro te in -r ic h  la ye r. The a p p lic a tio n  o f zonal ce n tr ifu g a tio n  
fo r large sca le  iso la tio n  o f pu rified  plasma membrane fa c il i ta te s  the 
accum ula tion  o f know ledge about the m orpho log ica l s tructu re  and 
enzym atic  com pos ition  o f th is  liv e r  f ra c t io n . H ow ever, re la t iv e ly  
l i t t le  is known about the a n tige n ic  s tructu re  o f l iv e r  c e ll plasma 
membrane. L iv e r c e ll- s p e c if ic  an tigens have long been dem onstrated 
to  be m a in ly  assoc ia ted  w ith  the membrane system o f the c e ll 
(Dumonde, 1966) . Th is membrane system invo lves  the endoplasm ic 
re tic u lu m , w h ich  is con tinuous w ith  the outer nuc lea r membrane on 
one hand and the plasma membrane on the o the r hand (Robertson, 1960). 
S tudies on the iso la ted  plasma membrane revealed th a t the a n tig e n ic  
a c t iv ity  is  m a in ly  re s tr ic te d  to  the ou ter laye r o f th is  membrane 
(Benedetti and Emmelot, 1968a).
ft
Emmelot e t a L  (1964) were the f i r s t  who attem pted immuno­
lo g ic a l ch a ra c te riza tio n  o f ra t liv e r  plasma membrane. They reported 
th a t a n ti-(p la sm a  membrane), prepared aga ins t the iso la ted  ra t l iv e r  
plasma membrane, y ie lded  fou r p re c ip ita tio n  line s  when tes ted  a ga ins t 
the iso la ted  membrane or w hole liv e r  hom ogenate, by the O uch te rlony  
double d if fu s io n  or the Im m unoelectrophoresis te ch n iq u e . They
suggested th a t, in  order to  ob ta in  such re s u lts , the four membrane 
an tigens m ust be so lub le  in the p h ys io lo g ica l sa line  present in the 
agar, so th a t an tigens t ig h t ly  bound to  the membrane w ould not be 
d e te c te d . E xtrac tion  o f plasma membrane w ith  p h ys io lo g ica l sa line  
removed about 26% o f the membrane p ro te in s , in w h ich  the fo llo w in g  
an tigens were de tected : one ra t-se rum  com ponent, one an tigen shared 
by o ther tis su e s  and tw o l iv e r -s p e c if ic  a n tig e n s . A n ti-(p la sm a  
membrane) , ra ised  aga ins t the p h ys io lo g ica l s a lin e - in s o lu b le  membrane 
p ro te in s , showed o n ly  one p re c ip ita tio n  line  when tes ted  aga ins t the 
s a lin e -s o lu b le  m a te r ia l. H ence , Emmelot e t a].. (1964) concluded 
th a t th is  antigen is  in t r in s ic a lly  present in the s a lin e - in s o lu b le  
membrane c o re , w h ic h , they  sa y , may be equated to  the plasma 
membranes as th e y  appear in s i tu . The s a lin e -s o lu b le  p ro te ins a re , 
at leas t p a rtly , a preparative a r t ifa c t rep resenting  non-membraneous 
p ro te in . N e v ille  (1968) reported th a t treatm ent o f the iso la te d  l iv e r  
plasma membrane w ith  0 .05  M  sodium carbonate removed a m ix tu re  o f 
pro te ins; one o f these pro te ins was found to  be a liv e r -s p e c if ic  a n tig e n . 
The absence o f more d e ta ils  about th is  s p e c if ic  an tigen makes fu rth e r 
d iscu ss io n  ra the r d i f f i c u l t .
S he ffie ld  and Emmelot (1972) stud ied the nature o f the t is s u e -  
s p e c if ic  an tigens in the liv e r  c e ll surface and on the iso la ted  plasma 
membrane. They ra ised  an tibod ies  aga ins t the iso la ted  l iv e r  plasma 
membrane washed w ith  0 .15  M -N a C l to  remove prote ins adsorbed on 
to  the membranes during the iso la tio n  procedure (Emmelot e t a_ l., 1964). 
Such an a n ti-(p la sm a  membrane) was found to  be not a b so lu te ly  s p e c if ic
fo r l iv e r  plasma membrane. S he ffie ld  and Emmelot (1972) reported 
th a t absorp tion  o f the a n ti-(p la sm a  membrane) w ith  a m ixtu re  o f ra t 
serum, liv e r  homogenate supernatant and k idn ey  powder removed a l l  
the n o n -s p e c if ic  a n tib o d ie s . By a p p lica tio n  o f im m unofluorescence 
techn iq u e s , the pre-absorbed antiserum  was dem onstrated to  be 
s p e c if ic a lly  s ta in ing  the iso la ted  plasma membrane and to  o u tlin e  
the c e lls  in frozen se c tio n s . S p e c ia lly  lo ca lise d  s ta in ing  was 
reported to  be at the b ile  c a n a lic u li and space o f D is s e ; M oreover, 
S he ffie ld  and Emmelot (1972) c la s s if ie d  the an tige n ic  a c t iv it ie s  o f the 
liv e r  c e ll surface in to  three groups:
1 -  Antigens assoc ia ted  w ith  the g lo b u la r knobs on
the  e x tra c e llu la r  s ide o f the plasma membrane.
2 -  Antigens assoc ia ted  w ith  the membrane.
/ 3 -  M asked a n tige n s .
1 -  A ntigens assoc ia ted  w ith  the g lo b u la r knobs 
The ex is tence  o f g lo b u la r knobs on the surface o f the plasma 
membrane lin in g  the b ile  c a n a lic u li and space o f D isse  w as shown 
by e lec tron  m icroscopy (Benedetti and Emmelot, 1968a ,b ).
Treatment o f the iso la ted  membrane w ith  papain resu lted  in the 
rem oval o f these g lo b u la r s tructu res and the re lease  o f a lm ost a l l  
the am inopeptidase a c t iv ity  from the membrane (Emmelot and V is s e r,
1971). M oreover, trea tm ent o f the liv e r  c e lls  w ith  such proteases 
caused the loss o f about three quarters o f the o r ig in a l a n tige n ic  
a c t iv ity  o f the c e ll surface (Sheffie ld  and Emmelot, 1972). Hence
the co nc lus ion  was drawn th a t most o f the a n tigen ic  a c t iv ity  o f the 
c e ll surface res ides  in the papa in -re leased  p a rtic le s  w h ich  are 
assoc ia ted  w ith  the am inopeptidase a c t iv ity .  The loss o f an tibody 
re a c tion  from the b ile  space membrane and the space o f D is s e , a fte r 
absorp tion  o f the a n ti-(p la sm a  membrane) w ith  the papa in -re leased  
p a rtic le s , confirm ed the lo c a lis a tio n  o f the p a rtic le s  in th is  part o f 
the c e ll su rface .
F ra c tio na tion  o f the to ta l papain d ig e s t by passing i t  through 
a Sephadex G -200 column resu lted  in the separation  o f h igh  and low 
m o lecu la r w e igh t fra c tio n s  (Emmelot and V is s e r, 1971). M oreover, 
absorp tion  o f the a n ti-(p la sm a  membrane) w ith  the h igh m o lecu la r 
w e igh t fra c tio n  removed a l l  the an tibod ies  respons ib le  fo r  s ta in in g  the 
b ile  space membrane. By th is  procedure S he ffie ld  and Emmelot (1972) 
presented evidence th a t the low  m o lecu la r w e igh t p a rtic le s  are those 
coa ting  the D isse  space, whereas the h igh  m o lecu la r w e igh t fra c tio n  
is  m a in ly  located in the b ile  space membrane.
2 -  Antigens assoc ia ted  w ith  the membrane
These an tigens account fo r the im m unofluorescence w h ich  rem ains 
on the membrane area a fte r rem oval o f the g lo b u la r knobs from the c e ll 
su rface , by p ro teases.
3 -  M asked Antigens
D uring the course o f treatm ent o f the  l iv e r  c e lls  or the iso la ted  
plasma membrane w ith  pro teases, the a n tig e n ic  s ite s  o f the membrane
showed a duaL response . Com plete d ig e s tio n  o f the membrane w ith  
the proteases resu lted  in the rem ovai o f a ll  the g lo b u la r knobs.
T ryps in  and papain each caused a s ig n if ic a n t tra n s ie n t increase in 
the a n tige n ic  a c t iv ity  o f the c e ll surface and th a t o f the iso la ted  
plasma membrane. Such an increase was in terpre ted by S he ffie ld  
and Emmelot (1972) to  be due to  the exposure o f new a n tige n ic  s ite s  
on the c e ll su rface . The m asking substances were found to  be 
pro te ins w ith  bas ic  a n d /o r arom atic side groups . Such m asking 
phenomena were p rev io u s ly  reported to  occur on some c e ll su rfa ce s , 
the masked an tigens being exposed a fte r a lte ra tio n  o f the c e ll  surface 
e ith e r by v ira l transfo rm a tion  or by enzym atic treatm ent (Burger, 1969; 
Hclyry and Defend i ,  1970).
New an tige n ic  s ite s  on the iso la ted  liv e r  plasma membrane have 
a lso  been reported to  be exposed a fte r tre a tin g  the iso la ted  membrane 
w ith  a lk a li b u ffe r, pH 10.2 (G u rd e ta J .., 1972). A labe l led
an ti-(m ouse  liv e r  plasma membrane) was ra ised  aga ins t the 0 .1 5  M -  
N aC l-w ashed  mouse l iv e r  plasma membrane. R e la tive  to  the b ind ing  
c a p a c ity  o f the un fractiona ted  plasma membrane, Gurd et aj.. (1972) 
reported th a t e x tra c tio n  w ith  a lk a li bu ffe r removed 60-70% o f the 
a n tig e n ic  a c t iv ity ,  w h ile  the a lk a li- in s o lu b le  fra c tio n  possessed 
s l ig h t ly  increased b ind ing  ca p ac ity  compared to  the untreated membrane . 
Hence the y  suggested th a t the rem oval o f the a lk a li-s o lu b le  com ponents 
re su lted  in the exposure o f a d d itio n a l a n tige n ic  determ inants th a t were 
p re v io u s ly  m asked. M oreover, these authors reported th a t trea tm ent 
o f the a lk a li- in s o lu b le 'f ra c t io n  w ith  33% aqueous pyrid ine  s o lu b iliz e d
about 33% o f the membrane p ro te in s . The a b il i ty  o f the p y rid in e - 
so lub le  and p y rid in e -in s o lu b le  fra c tio n s  to  bind to  the a n ti-(p la sm a  
membrane) ind ica ted  th a t the prote ins in those fra c tio n s  re ta ined 
th e ir  na tive  an tige n ic  s tru c tu re . From the exten t o f c ro s s - re a c t iv ity  
between the a lk a l i-s o lu b le ,  p y r id in e -s o lu b le  and p y rid in e - in s o lu b le  
fra c tio n s , these authors concluded th a t the a lk a li-s o lu b le  an tigens 
are no rm a lly  exposed on the c e ll su rface , w h ile  the p y r id in e -s o lu b le  
an tigens are buried w ith in  the membrane.
Gurd et a j, . , (1973) inve s tig a ted  in more d e ta il the pro te ins 
obta ined from s o lu b iliz in g  mouse liv e r  plasma membrane by a lk a l i  
and aqueous p y rid in e . They reported the presence o f s ix  an tigens 
in the a lk a li-s o lu b le  fra c tio n  w h ich  account fo r approx im ate ly  tw o -  
th ird s  o f the a n tige n ic  a c t iv ity  o f the in ta c t membrane as reported by 
Gurd et aj.. (1972). One o f these an tigens is probably a g lyco p ro te in  
w ith  an approxim ate m o lecu la r w e igh t o f 12 0 ,0 0 0 . Furtherm ore, 
th ey  suggested th a t the increase in the apparent a n tigen ic  a c t iv ity  o f 
the membrane a fte r e x tra c tio n  w ith  a lk a l i  cou ld  be a ttr ib u ta b le  to  
increased a c t iv it ie s  o f tw o o f the a n tige n ic  determ inants o f the  l iv e r  
membrane. These authors a lso  reported th a t treatm ent o f the 0 .15  M -  
N aC l-w ashed  plasma membrane w ith  de tergent (1% deoxycho la te  +
1% Triton  X-100) s o lu b iliz e s  about 50% o f the membrane pro te ins .
Two d im ens iona l im m unoelectrophoresis o f the detergent e x tra c t a ga in s t 
a n ti-(p la sm a  membrane) ind ica ted  the presence o f s ix  a n tig e n s . Taking 
a l l  the re su lts  o f these authors to g e th e r, i t  appears th a t none o f the 
an tigens is  s e le c t iv e ly  extracted  by the a lk a l i  nor by the pyrid ine
s o lu b iliz a tio n  procedure.
Blomberg and Perlmann (1971a) made a d e ta ile d  exam ina tion  o f 
a detergent e x tra c t o f iso la ted  ra t l iv e r  plasma membrane. They 
reported th a t 70% o f the iso la ted  membrane prote in  is s o lu b iliz e d  
w ith  1% sodium deocycho la te  + 0.5% Lubro l W  (ce ty lp o lyo xye th y le n e  
condensa te ). Im m unoelectrophoresis o f the detergent e x tra c t aga ins t 
a n ti-(p la sm a  membrane) antiserum  ind ica ted  the presence o f a t leas t 
e ighteen a n tig e n ic a lly  a c tive  com ponents. By h is tochem ica l s ta in in g , 
some o f these an tigens were found to  be associa ted  w ith  enzym ic 
a c t iv it ie s  (Blomberg and Perlmann, 1971b). Two 5 ‘-n u c le o tid a se  
isoenzym es were dem onstrated to be assoc ia ted  w ith  tw o n e g a tive ly  
charged prote ins o f the same e le c tro p h o re tic  m o b il it ie s .  S ix 
p re c ip ita tio n  lines  had both nuc leos ide  d iphosphatase and tr ip h o s ­
phatase a c t iv it ie s .  These a n tig e n ic  pro te ins w ith  dua l enzym atic  
a c t iv it ie s  were in te rpre ted  as due to  the presence o f an apyrase
a c t iv ity  in the liv e r  m em brane. M oreover, Blomberg and Perlmann
2+(1971b) detected a Mg -  independent ATPase in 'th e  s o lu b iliz e d  plasma
2+membrane fra c tio n  w h ich  is  d iffe re n t from the Mg -  dependent ATPase
2+reported by Emmelot and Bos (1966). Th is Mg -  independent ATPase 
is apparen tly  s im ila r  to  th a t reported by W a ttia u x -d e C o n in ck  and 
W a ttia u x  (1969). H ow ever, plasma membranes used by Blomberg and 
Perlmann (1971a,b) were not washed w ith  0 .15  M -N a C l to remove non- 
membraneous prote ins (Emmelot et ad. ,  1964). Hence one m ust be 
cau tious in in te rp re ting  these im m unoelectrophoretic  h is to che m ica l 
s tu d ie s , p a rtic u la r ly  the dem onstra tion o f an antigen w ith  ca ta lase
a c t iv i t y /  and s ix  p o s it iv e ly  charged an tigen ic  prote ins w ith  no enzyme 
a c t iv it y .
R ecen tly , Blomberg and R a fte ll (1974), using plasma membrane 
washed w ith  0 .15  M -N a C l, were able  to  de tec t tw e lve  a n tig e n ic a lly  
a c tive  prote ins in the 1% deoxycho la te  + 0.5% Lubrol W  e x tra c t by 
a tw o -d im e n s io n a l im m unoelectrophoresis te ch n iq u e . They reso lved  
the s ix  lin e s  o f nuc leos ide  d i-  and triphospha tase  a c t iv it ie s  reported 
by Blomberg and Perlmann (1971b) in to  a t leas t ten d iffe re n t p re c ip ita te s  
w ith  the enzyme a c t iv ity .  In  a d d itio n , tw o o f these lin e s  were 
reported to  hydro lyse  L - le u c y l-$ -n a p h th y la m id e . The authors e xp la in  
these re su lts  by the s o lu b iliz a tio n  o f a m ultienzym e com plex present in 
ra t liv e r  plasma membrane.
• S he ffie ld  and Emmelot (1972) drew  a tte n tio n  to  the fa c t th a t even 
the 0 .15  M -N a C l-w a sh e d  plasma membranes conta in  an tige n ic  
components w h ich  are common to  o ther s u b ce llu la r fra c tio n s  o f the 
l iv e r  or to serum. This was dem onstrated by c ro s s -re a c tin g  ra t serum 
or liv e r  cy to so l w ith  a n ti-(p la sm a  membrane) ra ised  aga ins t plasma 
membrane washed w ith  0 .15  M -N a C l. Blomberg and Perlmann (1971a) 
showed th a t a t leas t one an tigen  w ith  an esterase a c t iv ity  is  common 
between ra t l iv e r  plasma membrane and l iv e r  m icrosom al f ra c t io n .
This observa tion  was re ce n tly  confirm ed by Blomberg and R a fte ll (1974) 
using  0 .15  M -N aC l-w a sh e d  plasma membrane. The la tte r  authors 
inves tiga ted  in more d e ta il the common an tigens between these tw o  
l iv e r  fra c t io n s . The plasma membrane and the m icrosom al fra c tio n  
share three a n tige n ic  prote ins w ith  nuc leos ide  d i-  and tr iphospha tase
a c t iv it ie s .  iH Leucy l- g-naphthylam ide hyd ro lys ing  enzyme was : 
reported to  be assoc ia ted  w ith  two o f these three antigens when 
plasma membrane was tes ted  aga ins t an ti-(m ic ro so m a l f ra c t io n ) .
The exact id e n tit ie s  o f L - le u c y l-g -n a p h th y la m id a s e -a c tiv e  an tigens 
in m icrosom es and those o f the plasma membrane were not w e ll 
e s ta b lis h e d . Apparently  co n tra d ic tin g  re su lts  were reported by 
Gurd et a L  (1973) showing tha t there was no c ro ss -re a c tio n  between 
the an ti-(m ouse  l iv e r  plasma membrane) and other s u b ce llu la r fra c tio n s  
or even between the an ti-(m ouse  plasma membrane) and mouse serum 
(Gurd et a_l., 1972). Apart from the work o f Gurd and c o -w o rk e rs , 
o ther re su lts  ind ica te  th a t the plasma membrane may con ta in  p ro te ins 
common to  o ther s u b ce llu la r fra c tio n s  and serum; a lte rn a tiv e ly  the 
pro te ins may be s im p ly  a r t ifa c ts  o f the is o la tio n  procedure. The 
answ er to th is  problem , may he lp  in e lu c id a tin g  the re la tio n  between 
plasma membrane o f the liv e r  c e lls  and the b lo od .
1 : 6 )  BIOSYNTHESIS AND SECRETION OF GLYCOPROTEINS
The term "g ly c o p ro te in " has been de fined by G o ttscha lk  (1966) 
as "C onjugated prote ins con ta in ing  as p ros the tic  group one or more 
he te rosaccharides w ith  a re la t iv e ly  low  number o f sugar re s id u e s , 
lack ing  a s e r ia lly  repeating u n it and bound co va le n tly  to  the p o ly ­
peptide c h a in " .  These con jugated prote ins are represented by many 
substances o f b io lo g ic a l im portance inc lud ing  enzym es, horm ones, 
an tibod ies  and.membranes . The po lypeptide  components o f g ly c o ­
prote ins are syn thesized  in re la tio n  w ith  ribosom es o f the endo­
p lasm ic re ticu lum  (Redman and C he rian , 1972). A fte r th e ir  
com p le tio n , the carbohydrate side cha ins are added (Spiro, 1969) in 
a s tepw ise  manner to  the po lypeptide  cha ins as they  m igrate through 
the endoplasm ic re ticu lum  -  G o lg i com plex system (Schachter e t a I . 
1970). The carbohydrate con ten t o f the g lyco p ro te ins  may va ry  
from less than one per cent to  more than e ig h ty  per cent o f the w e ig h t 
o f the m o le cu le , and as few  as tw o to  as many as seven sugar types 
may be present in a g iven  p ro te in . The m onosaccharide components 
o f mammalian g lyco p ro te in  are syn thes ized  by w ay o f nuc leo tide  
sugars . The most commonly found m onosaccharides in g ly co p ro te in s  
are: D -g a la c to s e , D -m annose, L -fu c o s e , D -g lu c o s e , N -a c e ty l-D -  
g lucosam ine , N -a c e ty l-D -g a la c to s a m in e , and the va rious  d e r iv a tiv e s  
o f neuram inic ac id  (the s ia lic  ac ids) (Spiro , 1969). O ther mono­
saccharides have been found in trace  amounts in some g lyco p ro te in s
(M ontgom ery, 1970).
I t  is  w e ll known th a t m ost serum prote ins conta in  ca rbohydra te , 
and the o ligo saccha ride  cha ins in these g lyco p ro te ins  are thought to  
be branched (Wagh et a_l., 1969). The liv e r  has been shown to  be 
the m ajor s ite  o f syn thes is  o f serum g lyco p ro te in  (M acbeth e t a j, . , 
1965). In  the l iv e r ,  the carbohydrate m o ie ties  o f the secre to ry  
g lyco p ro te ins  are added in a de fined  sequence to  the nonreducing 
te rm in i o f the grow ing po lypeptide  cha ins as m onosaccharide u n its ,  
ca ta lyzed  by a m u lti-enzym e  system , designated  a m u lt ig ly c o s y l-  
transfe rase  system . Schachter e t a j.. (1970) reported th a t some o f 
these transfe rase  enzym es, nam ely N -a c e ty lg lu c o s a m in y l- , 
g a la c to s y l- ,  and s ia ly l- tra n s fe ra s e s  are located in the G o lg i apparatus 
o f ra t l iv e r  and th e re fo re , i t  may be invo lved  in secre tion  o f g ly c o ­
pro te ins from the liv e r  in to  the blood stream .
Fucose has long been de tected  in most o f the plasma g ly c o ­
pro te ins (W in z le r, 1960) and in mammalian t is s u e  g lyco p ro te in s  
(Foster and G insburg , 1961). These m onosaccharide res idues were 
reported to  be located at the ends o f the carbohydrate side cha ins o f 
the g lyco p ro te in  (Spiro, 1969). The uptake o f fucose may in d ica te  
com p le tion  o f the syn thes is  o f these side cha ins and presum ably o f 
the g lyco p ro te in  m o lecu les th e m se lve s . H ence, an understanding 
o f the su b ce llu la r organe lle  a t w h ich  fucose is added to  the ca rbo­
hydrate s ide cha in  may e luc ida te  fu rth e r the mechanism fo r the 
b io syn th e s is  and secre tion  o f g lyco p ro te in  by the l iv e r .  Fucose is
a stab le  m onosaccharide and is s e le c t iv e ly  taken up into g ly c o - :: 
prote ins v ia  its  nuc leo tide  d e riv a tiv e  (Foster and G insburg , 1961). 
Furtherm ore, these authors reported th a t fucose is  not e x te n s iv e ly  
(less  than 2%) m etabo lized  in the Krebs cyc le  or to  o ther g ly c o ly t ic  
in te rm ed ia te s . These re su lts  encouraged the use o f ra d io a c tiv e ly  
lab e lle d  fucose as a precursor o f g ly c o p ro te in s .
Bennett and Leblond (1970) reported th a t .the colum nar c e ll  o f 
duodenal v i l l i  in ra ts  is e x c e p tio n a lly  ab le to  u t i l iz e  labe lled  fu c o s e . 
G lyco p ro te in s  con ta in ing  labe lled  fucose were detected a t 2 .5  
m inutes a fte r in je c tio n  in the G o lg i apparatus o n ly . The percentage 
la b e llin g  o f th is  su b ce llu la r fra c tio n  decreased w ith  tim e , w h ile  
la b e llin g  o f the c e ll surface started to  appear a fte r 5 m in . and 
continued to  increase w ith  t im e . This fin d in g  suggested to  them 
th a t uptake o f fucose fo r com ple tion o f g lycop ro te in  takes p lace at 
the G o lg i appara tus. The com pleted g lyco p ro te in  is then ra p id ly  
transfe rred  to  the outer surface o f the plasma membrane.to be added 
to  the " c e ll c o a t" .  They found th a t some ra d io a c tiv ity  is  a ssoc ia ted  
w ith  v e s ic le s  in the re s t o f the c e l l ,  these were suggested to  be 
ca rrie rs  o f g lyco p ro te in  from the G o lg i com plex to  the c e ll c o a t. The 
v e s ic le s  were reported la te r to  be the c e ll lysosom es ta k in g  up the 
lab e lled  fucose s lig h t ly  before any s ig n if ic a n t la b e llin g  is  observed 
a t the c e ll surface (Bennett and Leb lond, 1971). Th is in d ica te s  th a t 
lysosom es rece ive  th e ir  new ly  com pleted g lyco p ro te in  d ire c t ly  from 
the G o lg i appara tus . These authors a lso  reported th a t the G o lg i 
apparatus o f ra t l iv e r  c e lls  is the main s ite  o f incorpora tion  o f  fu co se ,
as in co lum nar c e lls  . The G o lg i com plex a lso  acts as a s ite  o f 
com p le tion  o f syn thes is  fo r lysosom al g ly c o p ro te in .
Sturgess et aj,. (1973) inves tiga ted  in more d e ta il the 
inco rpo ra tion  o f fucose in the ra t liv e r  c e ll and they  confirm ed th a t 
the G o lg i com plex is the m a jo r s ite  o f the up ta ke . They dem onstrated 
th a t fucose is  f i r s t  incorporated in the c is te rnae  o f the G o lg i appara tus , 
then passes to  the netw ork o f fin e  tubu les  w h ich  surround the c is te rnae  
and f in a l ly  to  the secre to ry  v e s ic le s .  W ith  the d isappearance o f 
lab e lle d  fucose from the  G o lg i com p lex , the ra d io a c tiv ity  was m a in ly  
lo ca lize d  over the plasma membrane and its  associa ted  sm ooth- 
surfaced v e s ic le s .  These re su lts  suggested th a t g lyco p ro te ins  were 
exported in v e s ic le s  to  the plasma membrane fo r secre tion  from the 
liv e r  c e l l .  The co rre la tio ns  between the fa l l  in ra d io a c tiv ity  o f the 
G o lg i appara tus, the appearance o f ra d io a c t iv ity  on the plasma membrane 
and the corresponding r ise  in a c t iv ity  o f serum g lycop ro te in  suggested 
th a t the g lyco p ro te in  syn thesized in the liv e r  is re leased a t the plasma 
membrane d ire c t ly  into the b lo od . Riordan e t a j.. (1974) focussed 
th e ir  a tten tion  upon the stage o f g lyco p ro te in  b io syn th e s is  between 
the G o lg i apparatus and plasma membrane. They found th a t the peak 
s p e c if ic  ra d io a c t iv ity  o f the G o lg i apparatus was at 15 m in . a fte r 
in je c tio n ; the s p e c if ic  a c t iv ity  then dec lined  to  a minimum a t 1 h r .
In  the case o f the plasma membrane, there was an ea rly  rap id  r is e  in 
s p e c if ic  a c t iv ity ,  w h ich  peaked at 10 m in . ,  then dec lined  u n t i l  30 m in . ,  
and f in a l ly  rose s lo w ly  between 3 0 m in . and one hour. They a lso  
reported th a t when the sp e c if ic  a c t iv ity  in the plasma membrane rose
ra p id ly , th a t o f serum rose s lo w ly , fo llow ed  by a more rap id  increase 
between 15 and 30 m in . , a t w h ich  tim e the s p e c if ic  a c t iv ity  o f the 
plasma membrane decreased . These re su lts  suggested to  them th a t 
tw o d is t in c t iv e  fra c tio n s  e x h ib itin g  tw o d iffe re n t ra tes o f tu rnove r o f 
fucose are reaching  the plasma membrane. The f i r s t  is  a ra p id ly  
tu rn e d -o ve r fra c tio n  w h ich  probably represents the secre to ry  g ly c o ­
prote in ; the second is  the less ra p id ly  tu rne d -o ve r fra c tio n  and 
probably represents g lyco p ro te ins  to  be added to the plasma membrane 
c o a t. M oreover, these authors cla im ed th a t th is  mechanism fo r 
secre tion  o f g lyco p ro te ins  is a lso  a rep resen ta tive  one fo r the 
secre tion  o f pro te ins from the l iv e r ,  u n like  th a t reported by 
Franke et a l .  (1971).
14Franke e t a L  (1971), using L -(g u a n id o - C) a rg in in e , reported 
two d if fe re n t pathways by w h ich  pro te ins w ould move from the rough 
endoplasm ic re ticu lum  to the plasma membrane. The f i r s t  is  from the 
rough to the smooth endoplasm ic re ticu lum  to the G o lg i apparatus by 
w h ich  the pro te ins are packaged in to  secre to ry  v e s ic le s ; these 
v e s ic le s  then break o ff from the G o lg i apparatus and m igrate tow ard 
the plasma membrane. The second pathway is from the rough to the 
smooth endoplasm ic re ticu lum  from w h ich  the prote ins m igra te  in the 
form o f v e s ic le s  toward the plasma membrane. Th is mechanism was 
con jectu red  from fin d in g  th a t the peak s p e c if ic  ra d io a c t iv ity  in the 
endoplasm ic re ticu lum  is  at 10 m in . a fte r in je c tio n . The s p e c if ic  
a c t iv ity  then d e c lin es  ra p id ly  between 10 and 20 m in . , and g ra d u a lly  
th e re a fte r. Membrane pro te ins o f the G o lg i apparatus were la b e lle d
more s lo w ly , w ith  a peak s p e c if ic  a c t iv ity  at 3 0 m in . The s p e c if ic  
ra d io a c t iv ity  o f the plasma membrane prote in  was reported by these 
authors to have tw o d is t in c t iv e  peaks. The f i r s t  was at about 20 m in . 
and the second at about 60 m in . a fte r in je c tio n . These re su lts  
suggested to  them th a t i t  is not necessary fo r the new ly  syn thes ized  
pro te in  fo r secre tion  to  pass through the G o lg i apparatus.
A lthough it  is  uncerta in  w hether the m a te ria l reaching  the 
plasma membrane fo r secre tion  fo llo w s  the mechanism postu la ted  by 
Franke et aj,. (1971) or th a t suggested by Riordan et a l . (1974), the 
m a te ria l reaching the e x tra c e llu la r  part o f the plasma membrane must 
e ith e r be re lease d 'im m e d ia te ly  o r te m p o ra rily  form part o f the c e ll 
coa t and then be re leased in to  the e x tra c e llu la r  f lu id .
The in v e s tig a tio n  presented in th is  th e s is  is there fore  intended 
to  e lu c id a te  the mechanism o f re lease o f m a te ria l from the plasma 
membrane into the c irc u la tin g  f lu id , w h ich  may he lp  to  understand 
the b io lo g ic a l ro le  o f the liv e r  c e ll plasma membrane.
THE AIMS OF THIS STUDY
When the w ork described in th is  th e s is  was begun, many w orkers 
had a lready inves tiga ted  the co rre la tio n s  between the le ve ls  o f ce rta in  
liv e r  and serum enzymes during the course o f hepatic  d is e a s e . We 
became in te res ted  in th is  problem because a number o f enzym ic 
in d ica to rs  o f l iv e r  d ise a se , n o tab ly  S '-n u c le o tid a se , a lk a lin e  phos­
phatase and to  some exten t L - le u c y l-3 -naph thy lam idase  are located 
in the hepatocyte plasma membrane. The main o b je c tive  o f th is  s tu dy , 
the re fo re , has been to  determ ine w hether or not the plasma membrane 
is  the source o f these enzymes in b lo o d . The proposed approach to  
th is  problem has been the a p p lica tio n  of im m unolog ica l techn iques to  
in ves tig a te  the an tigens common to  ra t serum and ra t liv e r  plasma 
m embrane.
The liv e r  c e ll plasma membrane is  a heterogeneous s tructu re  
w h ich  c o n s is ts  o f two m ajor fu n c tio n a lly  and m o rph o log ica lly  d is t in c t iv e  
a reas, the b ile - fa c in g  area and the s in u s o id a l- fa c in g  area. A fte r 
hom ogen isa tion , the plasma membrane o f the liv e r  c e ll breaks down in to  
large sheets recovered w ith  the nuc lear fra c tio n  and sm all v e s ic le s  
m a in ly  concentra ted in the m icrosom al fra c tio n . A method fo r is o la tin g  
h ig h ly  pu rified  plasma membrane sheets had a lready been developed in 
th is  labo ra to ry . The author therefore intended to  a ttack  the problem o f 
d e tec tin g  the an tigens common to  ra t serum and liv e r  c e ll plasma 
membrane by using' iso la ted  plasma membrane sheets and f lu o re s c e in -
lab e lle d  a n t i- ( ra t serum ). I f  there are indeed such a n tigens , then 
a f f in i ty  chrom atography o f ra t serum on im m obilised  a n ti-(p la sm a  
membrane) would re s u lt in the is o la tio n  o f the serum prote ins th a t are 
homologous to  those o f plasma membrane. To e luc ida te  the nature o f “ 
any common a n tige n s , the prote in  fra c tio n  would be examined fo r the 
presence o f carbohydrate and o the r con s titu e n ts  and fo r enzym ic a c t iv it y .
As m entioned above, the v e s ic le s  derived  from the plasma 
membrane are concentra ted in the m icrosom al fra c tio n . I t  had fo r some 
tim e been suspected in our labora to ry  th a t the m icrosom al plasma 
membrane may o rig in a te  from the s in u s o id a l- fa c in g  surface o f the liv e r  
c e ll w h ich  co n tribu te  part o f the serum p ro te in s . As the fu n c tio n  and 
m orphology o f th is  part o f the plasma membrane is  d iffe re n t from th a t 
o f the iso la te d  shee ts , i t  is  o f in te res t to determ ine w hether o r not the 
tw o/are  e n zym a tica lly  and im m un o log ica lly  id e n tic a l.  Th is  type  o f 
study necess ita ted  iso la tio n  o f the plasma membrane v e s ic le s  in a pure 
s ta te . I t  is  o n ly  re c e n tly  th a t methods have been developed fo r 
separating plasma membrane v e s ic le s  from the m icrosom al f ra c t io n .
L it t le  w ork had been published d e sc rib ing  the he te rogene ity  o f the 
marker enzymes w ith in  the popu la tion  o f plasma membrane v e s ic le s ,  
or the p o s s ib ility  th a t these v e s ic le s  may de rive  la rge ly  from the 
s in u so id a l surface o f the c e l l .  I t  was d e s ira b le , the re fo re , to  exam ine 
the d is tr ib u tio n  o f plasma membrane m arker enzymes among the plasma 
membrane elem ents o f m icrosom al s iz e . I t  was a lso  hoped to  a p p ly  an 
in v iv o  la b e llin g  techn ique to  examine the nuc lear and m icrosom al 
fra c tio n s  fo r s in u so ida l surface fragm ents.
CHAPTER TWO
MATERIALS AND METHODS
2 : 1) MATERIALS
In ge ne ra l, a n a ly t ic a l grade ch e m ica ls , obta ined from e ith e r 
BDH L td . ,  H opkins and W illia m s  L td . o r K och -L igh t L td . were used .
T ris  b u ffe r [tr is -(h y d ro x y m e th y l)-a m in o e th a n e ] and N o rit A
a c tiva te d  cha rcoa l were bought from Sigma C hem ica l C o .L td . Lubro l
W  (ce ty lp o lyo xye th y le n e  condensate; now ca lled  CIRRASOL ALN-W F)
was a g if t  from I . C . I .  Sepharose-4B was obtained from
Pharmacia L td . (U .K .) .  Freund com plete ad juvan t was bought from
DIFCO Lab. (East M o le se y , U .K . ) .  M in e ra l w ater sucrose was
14obta ined from Tate and Ly le  L td . L - (  • C )-Fucose was purchased from 
the R adiochem ica l C en tre , Amersham (U .K .) .  A n ti- ( ra t serum) was 
obta ined from W ellcom e Reagent or as g lo b u lin  fra c tio n  from 
M erc ia  L td . (U .K .)  and Ionagar N o .2 used was from Oxoid L td . (U .K .) .
F luorescence measurements were done on a Perkin Elmer MPF-3 
spectrophotom eter. R a d io a c tiv ity  measurements were performed in  a 
Packard 3003 S c in t i lla t io n  Counter us ing  L ls s a p o l-s c in t i l la n t u n less  
o the rw ise  stated (see sec tion  2 : 5 -d ) . A ll im m unoelectrophoreses 
were ca rried  out in Shandon e lec tropho res is  appara tus. P o lyacry lam ide  
ge l e le c trop h o res is  was performed w ith  a hom e-m ade, Shandon ty p e , . 
apparatus us ing  9 cm x  5 mm g lass  tu b e s .
A ll ce n tr ifu g a tio n  was ca rried  out a t 4° in M .S .E . c e n tr ifu g e s . 
Table 2-1 provides a summary o f the type  o f ro to rs  employed fo r 
va rious  se pa ra tion s . Further d e ta ils  o f p a rticu la r ce n tr ifu g a tio n  
techn ique are g iven  b e low .
Table_2^1 : Summary o f C en trifug a tio n  Processes
C entrifuge Rotor F rac tion  separated g -a p p lie d Time
M ino r Swing N uclea r p e lle t 600 x  gmax 10 m inou t
P e lle t o f floa ted  m a te ria l 
from the w hole homogenate
600 x  gmax 10 m in
(see B XIV)
M is tra l Swing Serum 2000  x  gmax 2 0 m in
6L out
To remove p re c ip ita te d 2000  x  g ~ 10 m in
pro te in max (does not 
have to  fc 
a c c u ra te ,
A X II Plasma membrane sheets 800 x  g 
(Sample Zone)
2 500 x  g (End 
o f grad ien t)
50 m in
H igh 
Speed 18
8 x  50 M itochond ria  and Lysosomes 11500 x g max 15 min
Super 
Speed 65
8 x  50 F loated plasma membrane 135000 x  gmax 9 0 m in
Plasma membrane p e lle t 135000 x  gmax 90 m in
M icrosom a l p e lle t 135000 x  gmax 6 0 m in
8 x  14 W ashing and s o lu b iliz a tio n  
o f plasma membrane
135000 x  gmax 90 m in
B XIV Floated m a te ria l from w hole 42000 x g
liv e r  homogenate (Centre) 
98000 x  g 
(Edge)
90 m in
Plasma membrane fragm ents 52000 g
from M icrosom a l p e lle t (Centre) 
120000  g 
(Edge)
16 hour
2 : 2) ANIMALS AND TISSUE PREPARATION
a) Anim als
The an im als used were hooded ra ts  o f the U n iv e rs ity  o f Surrey s tra in . 
The o r ig in a l breeding nucleus was obta ined by the U n iv e rs ity  from the S pec ific  
Pathogen-Free U n it ,  A llin g to n F a rm , M in is try  o f D e fence , P ortonD ow n, 
S a lisb u ry , M ale  an im a ls about 6-7  weeks o ld  were used fo r a l l  experim ents .
S ix ra b b its  were used to  ra ise  the a n t i- ( l iv e r  plasma membrane) a n t i­
serum (three New Zealand W h ite  and three D u tch ). A n t i- ( liv e r  c e ll  cy to so l) 
antiserum  was ra ised  in three D utch  ra b b its .
A ll an im als are supp lied  by the U n iv e rs ity  o f Surrey Anim al U n it and 
housed under co n d itio n s  o f constan t tem perature (20° ) ,  and lig h tin g  on a 
12 hour l ig h t/d a rk  c yc le  (0 .6 .3 0 -1 8 .3 0  lig h t phase).
b) T issue preparation
. Rat liv e rs  were the o n ly  tis s u e  used . A fte r k i l l in g  the an im a l by 
c e rv ic a l d is lo c a t io n , the t is s u e  w as perfused w ith  warm 0 .25  M  sucrose 
s o lu t io n , buffered w ith  e ith e r 5 mM sodium b ica rbona te , pH 7 .8 ,  o r 5 m M  
T r is -H C l,  pH 8 .0 .  Perfusion was done by pumping in the so lu tio n  th rough a 
needle inserted  in the aorta o r the po rta l v e in  (anaesthe tized  ra t) ,  a fte r 
s lash ing  the in fe r io r  vena cava ju s t above the diaphragm .
T h e tissu e  was extracted  ra p id ly  and put in to  ic e -c o ld  0 .2  5 M  sucrose . 
A fte r coo l in g , the tis s u e  was w eighed w e t, m inced w ith  sc isso rs  and 
homogenised in ic e -c o ld  0 .2  5 M  su c ro se . To remove the connective  t is s u e , 
the homogenate was filte re d  through a coarse s ie v e . D e ta ile d  d e s c r ip tio n  o f 
the exact hom ogenisation co nd itio n s  w i l l  be le ft to  the appropria te  s e c tio n .
2 : 3) CHEMICAL ESTIMATION AND ENZYME ASSAYS
W henever p o ss ib le , a l l  assays were ca rried  out on fresh  sam ples. 
H ow ever, i t  is  im pera tive  th a t the assays o f g lucose 6-phosphatase 
(G .6 .Pase) be performed as soon as poss ib le  on the fra c tio n s . The 
more stab le  e s tim a tio n s , e .g .  a lk a lin e  phosphatase, phosphod ieste rase , 
a lk a lin e  r ib o n u c le a s e , n u c le ic  ac id  and p ro te in  w h ich  are not a ffe c ted  by 
storage, were assayed w ith in  3 -4  d a ys . Samples were stored at - 2 3 ° .
A ll enzyme incuba tions  were ca rried  ou t in a shaking w ate r bath at 3 7 ° .
>
a) Prote in es tim a tion
Protein was measured by the A u toana lyse r adaptation  (Schuel and 
S chuel, 1968) o f the method o f Lowry et a I . ,  (19 51) as i t  was m od ified  
by H in ton  and N orris  (1972). The "Low  s e n s it iv i ty "  m an ifo ld  described  
by H in ton  and N orris  (1972) was used to  measure the p ro te in  con ten t o f 
the zonal A X II fra c tio n s , w ith  Bovine serum album in (BSA) standards 
ranging from 0 .1 -1  m g /m l. The "h igh  s e n s it iv i ty "  m an ifo ld  was used fo r 
measurements o f the pro te in  o f a l l  o ther fra c tio n s  (w ith  BSA standards o f 
0 . 01-1  m g /m l) .
b) Enzymes re leas ing  ino rgan ic  phosphate (Phosphatases)
The fo llo w in g  phosphate re le as ing  enzymes (phosphatases) were
assayed: 5 '-n u c le o tid a se
G lucose 6 -phosphatase 
Acid $ -g lycerophosphatase 
Adenosine d i phosphatase (ADP)
*
Adenosine triphospha tase  (ATP)
AIL the phosphatase e s tim a tions  were performed as reported by 
Prospero et a L  (1973). In  genera l the assay system co n ta in e d ;- 
0 .5  m l tis s u e  sam ple , 0 .4  mL b u ffe r, and 0 .1  m l su b s tra te . Assays 
on re ference samples (homogenate, nucLear fra c tio n , floa ted  materiaL 
from the w hole homogenate and m icrosom al fra c tio n ) were n o rm a lly  
done in d u p lic a te . The conten ts o f the assay tubes were tho rough ly  
m ixed w ith  W h ir lim ix e r  and incubated a t 37° fo r a period o f tim e 
w ith in  w h ich  the enzyme rea c tion  was lin e a r (H in to n , 1970). Due 
to the presence o f some endogenous phosphate, substra te  and tis s u e  
bLanks were a lw ays in c lu d e d . T issue b lanks were perform ed, fo r 
every s ing le  fra c tio n , by adding 0 .1  m l d is t i l le d  w ater instead o f the 
su b s tra te . Substrate bLanks were assayed , n o rm a lly  in d u p lic a te , 
us ing  0 .5  mL d is t i l le d  w a te r in pLace o f the tis s u e  sam ple .
The rea c tion  was stopped by adding 1 .5  m l o f 6% tr ic h lo ro a c e tic  
ac id  and a fte r a period at 4 ° ,  the p re c ip ita ted  m a te ria l was spun dow n . 
The supernatant was assayed fo r to ta l ino rgan ic  phosphate con ten t by 
an automated method (H in ton et a_l.,1970) adapted from the method o f 
Lowry and Lopez (1946). As s tandards, sodium d ihydrogen o rtho pho s-. 
phate so lu tio ns  (0 .1 -1 .5  pm oles PO~/mLjwere used. The standards were 
trea ted  as the sam ples, i . e .  1 .5  m l tr ic h lo ro a c e tic  ac id  was added per 
1 m l o f the s tandard .
c) p -N itro p h en o l re leas ing  enzymes
A lka lin e  phosphatase and a lk a lin e  phosphodiesterase were the 
o n ly  p -n itro p h e no l re leas ing  enzymes assayed th roughout th is  s tu d y .
The estim ations o f these tw o enzymes were made by the automated 
method o f H in ton  and N orris  (1972).
d) L -L e u cy l-3 -n a p h th y la m id a se
The method employed was th a t o f Goldbarg and Rutenburg (19 58) 
as m od ified  by Hubscher e t a j.. (1965). The assay m ixtu re  conta ined
0 .5  m l tis su e  sam ple , 0 .2  5 m l o f 0 .2  M phosphate b u ffe r, pH 7 .0 ,  and 
0 .25  mL o f 1 .06  m g /m l so lu tio n  o f L - le u c y l-3 -n a p h th y la m id e  
d ihyd ro ch lo ride  . A fte r incuba tion /the  soLution was dep ro te in ised  by 
the a d d itio n  o f 0 .5  m l o f 6% tr ic h lo ro a c e tic  a c id , and the p rec ip ita te d  
proteinswere spun dow n . The 3-naphthylam ine re leased by the  enzyme 
rem ains in the supernatant and was assayed using an automated method 
adapted from th a t o f N orris  (1973) w ith  3 “ naphthylam ine standard 
so lu tio n s  (2-30 p g /m l) to  w h ich  0 .5  m l o f the stopping so lu tio n  was 
added per 1 m l o f s tandard .
A m o d ifica tio n  to  the m an ifo ld  described  by N orris  (1973) was 
made to  co rrec t the a ir  to  Liquid ra tio  and to  cu t down the amount o f 
reagents consum ed. F low  ra tes  were set so as to  a llo w  fo r the co rrec t 
tim e de lays between the a d d itio n  o f va rious  re age n ts . Standards were 
used to  check the performance o f manifoLd (F ig . 2 -1 ) and the s e n s it iv i ty  
was found to  be w ith in  2% o f the va lues  obta ined by N orris  (1973).
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Fig 2-1
Autoanalyzer manifold used for the estimation of p-naphthylamine. 
The solutions used were:
NaN02 : 0.1% aqueous solution
Ammonium Sulphamate : 0.05% aqueous solution
NNED, N(-l-naphthyl)-ethylenediamine : 0.05% in 96%
Ethyl alcohol
Sample wash : 0.4% Perchloric acid 
Sampling rate : 30 samples per hour •
Colorimetry at 561 nm with 1.0 cm flow cell 
DC, double mixing c o i l (Technicon Catalogue No. 105-87)
e) Succinate dehydrogenase
Succinate dehydrogenase was measured by the method o f 
Pennington (1961). To a 0 .5  m l a liq u o t o f tis s u e  was added 0 .25  m l 
o f a 1 .5  m g /m l so lu tio n  o f I NT [2 -(p - io d o p h e n y l) -3 - (p -n itro p h e n y l) -  
5 -pheny lte trazo lium  ch lo r id e ] in 0 .5  M  phosphate b u ffe r, pH 7 .4 .
The reac tion  was started by the a d d itio n  o f 0 .25  m l o f 0 .3  M sodium 
su cc in a te , pH 7 .4 ,  and a fte r Incubation  fo r  10-20 m inutes the re ac tion  
was stopped by 1 .5  m l o f 6% tr ic h lo ro a c e tic  a c id . The red formazan 
was extracted  into 4 m l e th y l ace ta te  w h ich  was then separated from 
the aqueous phase by a b r ie f s p in . The co lo u r o f the e x tra c ts  was 
measured a t 490 nm aga ins t e th y l ace ta te  b la n k . T issue b la nks  were 
determ ined by s u b s titu tin g  the succ ina te  w ith  0 .3  M  sodium m a lona te , 
pH 7 .4 ,  in the assay m edium .
f) A lk a lin e  ribonuc lease
This enzyme was measured e s s e n tia lly  as described by de Duve 
e ta j, .  (1955). The assay m ixtu re  co ns is ted  o f 0 .5  m l t is s u e  fra c tio n ,
0 .3  m l o f 0 .25  M  T r is -H C l,  pH 7 . 8 , bu ffe r; 0 .1  m l M g C ^  (50 mM; or 
50 mM EDTA) and 0 .1  ml o f 10 m g/m l RNA (Grade B to ru la  ye a s t, 
C a lb io ch e m ). A fte r incuba tion  fo r about 1 hr a t 3 7 ° , the rea c tion  was 
stopped by 1 .5  m l o f 10% perch lo ric  a c id /0 .2 5 %  uranyl aceta te  w h ich  
p re c ip ita te s  a l l  unreacted RNA and the large o lig o n u c le o tid e s . The 
supernatant con ta ins o lig o n u c le o tid e s  w ith  a cha in  o f less than about 
s ix  nu c leo tides  (Burge, 1973). To account fo r endogenous n u c le o tid es  
and o the r so lub le  m a te ria l w h ich  m ight absorb a t 260 nm, i t  was
necessary to  ob ta in  a t is s u e  b lank reading fo r every sam ple . Samples 
and substra te  b lanks were assayed in d u p lic a te . T issue b lanks and 
reagent b lanks were set up e x a c tly  as above but w ith  the a d d itio n  o f 
the stopping reagent im m ed ia te ly  a fte r RNA being added. A ll tubes 
were le ft in ice fo r 3 0 m inutes p rio r to  rem oval o f the p re c ip ita te  by 
c e n tr ifu g a tio n . The supernatant was decan ted , d ilu te d  w ith  an equal 
volum e o f d is t i l le d  w ate r and measured fo r absorbance a t 260 n m .
g) Estim ation  o f N u c le ic  Acid
The procedure described by F leck  and Begg (1965) was fo llo w e d .
In  d e ta il ,  pe rch lo ric  ac id  was added to  a 5 m l tis su e  sample to  g ive  a 
f in a l concen tra tion  o f 0 .2  N and, a fte r leav ing  fo r 10 m inutes a t 4 ° ,  
the p rec ip ita te  was co lle c te d  by c e n tr ifu g a tio n . I f  necessary 0 .2  to  
0 .4  mg o f bovine serum a lbum in were added as a c a rr ie r. The p re c ip ita te  
was washed tw ic e  w ith  0 .2  N pe rch lo ric  ac id  and then extracted  a t 37° 
w ith  4 m l o f 0 .3  N KOH. A fte r 1 h r, 2 .5 m l o f 1 .2  N p e rch lo ric  ac id  
were added, the tubes cooled to  0° ,  and the p rec ip ita te  spun dow n .
This was washed w ith  1 .5  m l o f 0 .2  N pe rch lo ric  a c id , the w ash ings 
combined w ith  the ex trac ts  and le ft ove rn igh t to  a llo w  a l l  the potassium  
perchlorate to  c r y s ta l l is e .  The e x tin c tio n s  a t 230 and 260 nm were 
measured and the concen tra tion  o f RNA ca lcu la te d  by use o f the form ula 
g iven  by F leck and Begg (1965).
h) C ata lase de te rm ina tion
This enzyme was assayed by the automated method o f Le ighton 
. et ad. (196 8) adapted from the method o f Chantrenne (1955) as
m od ified  by Baudhuin et ad. (1964). I t  is w orth m ention ing here 
th a t the so lu tio n  o f TiOSO^ prepared as described by Leighton et ad. 
(1968) was found to  be ve ry  tu rb id , and consequen tly  inaccura te  
re su lts  were o b ta in e d . There fore, a more d ilu te  so lu tio n  was used; 
o ther reagents used were e x a c tly  as those described by Le ighton 
et a_l* (1968) (F ig . 2 -2 ) .  Standards o f hydrogen peroxide so lu tio n  
were used to  check the v a l id i ty  o f the assay using the new concen tra tion  
o f T iO SO ^. The re su lts  were found to  be as good as those reported 
by Le ighton et a l . (1968).
scTriton
Solution
SC0.1> Sample
1.6
Substrate
Ice
Bath
DC
PS23.9
DC
Wash
Repump —— & Waste ^
Colorimeter
Recorder
F ig  2 -2
Automated catalase assay.
The solutions used were:
Triton. 1% Triton X-100 + 0.33% bovine serum albumin in 
2% NaCl.
Substrate, 0.07% of 30% H20 2 in 0.033M imidazole- HC1 
buffer, pH 7.0
Washing fluid. 0.05% of BRIJ-35 (Technicon) in water 
TiOSCXt , a stock solution prepared by mixing 82.5 ml of 
15% TiSC^in sulphuric acid- (BDH) and 43 ml conc. sulphuric 
acid. The solution made up to one litre with distilled water 
and boiled for 30 minutes, cooled and filtered through Whatman 
no. 44 filter paper. The solution loaded into the autoanalyser 
was 16 times dilution of the stock solution.
Sampling rate, 20 samples per hour.
Colorimetry at 402 nm with 1.0 cm flow cell.
2 : 4) ZONAL CENTRIFUGATION
a) Preparation o f D e n s ity  G rad ients
Sucrose g rad ien ts  were used in  a i l  the experim ents w ith  zonal 
ro to rs  described in th is  th e s is . Sucrose so lu tio n s  were prepared 
from a s tock 2 M  sucrose so lu tio n  and the concen tra tions were 
checked by m easuring th e ir  re fra c tiv e  ind ices  at 2 0° w ith  an Abbe 
re fractom ete r (Bellingham  and S tan ley , L td . ,  London). Traces o f 
im p u r itie s , in c lu d in g  p ro te in s , were removed from the s tock  so lu tio n  
by s tir r in g  .w ith  N o rit A a c tiva te d  cha rcoa l (5 0 g /K g  sucrose) fo r  about 
30 m inutes (Steele and Busch, 1967). The charcoa l was removed by 
f i l t r a t io n  through W hatman no . 54 f i l t e r  paper. R e filtra tio n  no rm a lly  
was required before a c lea r so lu tio n  was o b ta in ed .
Two types o f a "home-made" g rad ien t-m aker were em ployed:
i) an "e xp o n e n tia l"  g rad ien t m aker, used in a l l  experim ents w ith  the 
A -X II zonal ro to r, i i)  W ith  the B-XIV zonal ro to r, the more f le x ib le  
g rad ien t maker e s s e n tia lly  described  by H in ton  and Dobrota (1969) was 
em p loyed .
(i) Preparation o f exponentia l g rad ien t 
The se t-u p  used fo r the preparation o f th is  type  o f g rad ien t is  
shown in F ig . 2 -3 a . In i t ia l ly  250 m l o f 0 .3  M  sucrose (d e ns ity  
1 .03 8 g /m l)  were placed in the m ix ing  v e s s e l mounted on a m agnetic  
s t ir re r .  The fo llo w in g  sucrose so lu tio n s  were a llow ed  to f lo w  
s e q u e n tia lly  from the re se rvo ir as the g rad ien t was extrac ted  from the 
m ix ing  v e s s e l.
6 0 0 m l o f l . l 6 4 M  (de ns ity  = 1 .1 7 1  gm /m l)
500 m l o f 1 .656 M  (d e n s ity  = 1.219 gm /m l)
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Fig 2-3
a) Diagrammatic representation of the exponential gradient maker.
b) Diagrammatic representation of the double pump gradient maker 
used for the preparation of linear sucrose gradient.
Since the system is  a ir - l ig h t ,  the volum e in the m ix ing  ve sse l 
rem ains constan t a t constan t p ressure . C onsequen tly , the so lu tio n s  
in the re se rvo ir f lo w  in a t the same rate as th a t a t w h ich  the g rad ien t 
was e x tra c te d .
( i i)  Preparation o f lin e a r d e n s ity  g rad ien t 
The g rad ien t maker used fo r preparation o f th is  type  o f g rad ien t 
is  shown in F ig . 2 -3 b . The pump used was a double channel one 
w ith  ad jus tab le  flo w  ra tes (M ete ring  Pump L td .)  g iv in g  f lo w  ra tes o f 
0-50 m l/m in . The m ix ing  v e s s e l,  mounted on a m agnetic s t ir re r , 
in i t ia l ly  con ta ined 3 60 m l o f 0 .6  M  sucrose (de ns ity  = 1 .077 g m /m l) . 
L iqu id  was pumped ou t from the m ix ing  v e sse l in to  the zonal ro to r at 
40 m l/m in . w h ile  2 M  sucrose was being added at 2 0 m l/m in , u n t il 
the w hole so lu tio n  from the m ix ing  v e s s e l was e x tra c te d . The d e n s ity  
o f the re su ltin g  g rad ien t so lu tio n  was found to  be ranging from 1 .077 -  
1 .257 g m /m l.
b) Loading and U n load ing  o f the G rad ients
The g rad ien ts  prepared as above (lin e a r or exponen tia l) were 
loaded, lig h t end f i r s t ,  to the ou ts ide  o f the zonal ro to r . N orm a lly  
the re fra c tive  index o f the g rad ien t fed in to  the ro to r was recorded as 
a check o f the shape o f the  g ra d ie n t. W hen the exponen tia l g rad ien t 
had been loaded in to  the A X II zonal ro to r, the rem ain ing  space was 
co m p le te ly  f i l le d  w ith  2 M  sucrose as a 'c u s h io n 1. The sample was 
then in jec ted  c a re fu lly  through the ce n tra l lin e  o f the feed head, the 
' cu sh io n 1 being d isp laced  from the edge o f the ro to r . An o v e r la y ,
0 .0 8  M sucrose, was added to  d isp la ce  the sample away from the core
o f the ro to r. The cen tra l lin e  was then a ttached to  a re se rvo ir o f 
the o ve rla y  so lu tio n  to  a llo w  fo r the expansion o f the ro to r . The 
lead to  the ou ts ide  o f the ro to r was clamped and the ro to r then 
acce le ra ted  from the 'Loading speed (about 400 re v s /m in .)  to  3700 
re vs /m  in .
The B-XIV ro to r was used to  sub frac tiona te  m icrosom es by 
f lo ta t io n .  H ence, the sam ple , ad justed  to  a d e n s ity  h igher than 
th a t o f the  densest part o f the g ra d ie n t, was pumped to  the ou ts ide  
o f the ro to r a t the end o f the lin e a r g ra d ie n t. F in a lly  the  ro to r was 
f i l le d  com p le te ly  w ith  2 M  sucrose as a 'c u s h io n '.  D uring  ioaa ing  
o f the g rad ien t and sample the ro to r was sp inn ing  at about 2000 
re v s /m in . then it  was acce le ra ted  to  45000 re v s /m in .
A fte r ce n trifu g a tio n  fo r the required  period o f tim e  the ro to r was 
dece le ra ted  to  the loading speed and the con ten ts o f the ro to r was 
d isp la ced  by pumping in , through the edge lin e , 2 M  sucrose . The 
se t-u p  used fo r loading and unloading the zonal ro to rs was e s s e n t ia lly  
as th a t described by Dobrota (1971).
2 : 5) SEPARATION OF PLASMA MEMBRANE FROM RAT LIVER
a) Is o la tio n  o f Plasma Membrane Sheets
In e a rly  experim ents ra t l iv e r  plasma membrane sheets sedimented 
w ith  the nuc lea r p e lle t were separated by the procedure o f H in ton  et a l,  
(1970). The nuc le a r fra c tio n  (see Table 2 -1 ) ,  obta ined from perfused 
liv e rs  homogenised in 0 .25  M  sucrose, was loaded im m ed ia te ly  on to  
the A X II zonal ro to r in fro n t o f the exponen tia l g rad ien t prepared as 
described  in Section 2 : 4 a ( i) . Later the procedure developed by Prospero 
and H in ton  (1973, "second procedure") in the separation o f the hepatoma 
plasma membrane was used. Such procedure a llo w s  fo r more m a te ria l to  
be processed in a s ing le  ce n tr ifu g a tio n  by in troduc ing  a f lo ta t io n  s tep  
p rio r to  the zonal c e n tr ifu g a tio n , as o u tlin e d  in F ig .2 -4 .  In  d e ta il ,
50-60 gm o f perfused liv e rs  were homogenised in 0 .25  M  sucrose 
con ta in ing  5 mM N aH C O ^, using three strokes o f the P o tte r-E lveh jem  
hom ogeniser w ith  the pestle  ro ta ted  at 900 re v s /m in . The c learance  
between pestle  and ve s s e l was 13/1000 in .  The homogenate MJas Jiien, 
f i lte re d  and the d e n s ity  ad justed  to 1 .19 gm /m l (re f. in d e x  1 .4037) w ith  
2 M  sucrose . N orm a lly  s u ff ic ie n t medium was used to  g ive  a homo­
genate con ta in ing  100-150 m g 'liv e r  per m l. A fte r tak ing  out an a liq u o t, 
as a re ference sam ple, the m a te ria l was loaded on to  the B XIV zona l 
ro to r, 200 ml o f 0 .25  M  sucrose was added as an ove rla y  and the  ro to r 
f in a l ly  f i l le d  w ith  2 M  sucrose . D uring load ing o f sample and sucrose 
s o lu t io n s , the ro to r was sp inn ing  at 2000  re v s /m in , i t  was then 
acce le ra ted  to  40 ,000  re v s /m in  and kept a t th is  speed fo r 90 m in (for 
g va lu e s  app lied  see Table 2 -1 ) .
A fte r c e n tr ifu g a tio n , 2 M sucrose was used to  pump out the contents 
o f the ro to r as described  in section  2 : 4b . The ove rlay  (150 m l) was . 
d isca rded  and about 150 m l o f the floa ted  m a te ria l, at the in te rface  
between the sample layer and the o v e rla y , was then c o lle c te d . This 
m a te ria l was d ilu te d  w ith  an equal volum e o f ice -co o le d  d is t i l le d  w ater 
and spun down on a bench ce n trifuge  (10 m in at 600 x  g ) . The p e lle t 
was resuspended in 50 m l o f the hom ogenisation medium us ing  a hand- 
operated T e flo n /g la s s  hom ogeniser (Jengons L td . ,  Hemel Hem pstead,
U . K . ) . An a liq u o t was removed fo r va rious  a ssa ys , and the suspension 
was loaded on to  the zonal A X II ro to r con ta in ing  an exponen tia l g rad ien t 
buffered w ith  5 mM b ica rbona te , id e n tic a l to  th a t described above . A fte r 
sp inn ing  at 3700 re v s /m in  fo r 50 m in (Table 2 -1 ) ,  the ro to r was dece le ra ted  
and unloaded as described in sec tion  2 : 4b and 40 m l fra c tio n s  were 
c o lle c te d . The tubes con ta in ing  the plasma membrane fragm ents as 
judged e ith e r by the absorbance at 650 nm or by assaying  5 '-n u c le o tid a s e  
were com b ined . The d e n s ity  o f the pooled fra c tio n s  was a d ju s te d , w ith  
2 M sucrose , to  1 .19  gm /m l (re f.in d e x  1 .4037) and rehom ogenised using 
three strokes o f the P otter-E lveh jem  hom ogeniser w ith  the pestle  ro ta tin g  
a t 2400 re v s /m in . A 30 m l a liq u o t o f the suspension was placed in each 
o f the e igh t transparen t cen trifuge  tu b e s , o ve rla id  w ith  15 m l o f 0 .2  5 M 
sucrose and spun at 40 ,000  re v s /m in  (F ig . 2 -4 ) .  The plasma membrane 
fra c tio n  w h ich  was found at the in te rface  o f the o ve rlay  and the sample 
layer was c o lle c te d , d ilu te d  w ith  an equal volum e o f ic e -c o ld  d is t i l le d  
w a te r and cen trifuged  at 40 ,000  re v s /m in  fo r 9 0 m in . The plasma membrane 
p e lle ts  were e ith e r resuspended in p h y s io lo g ic a l phosphate bu ffe red  sa lin e  
. (section  2 : 8) or washed as described  in sec tion  2 : 6 .
PERFUSED LIVER 
hom ogenised, 3 strokes 
900 re v s /m in
D e n s ity  1 .19 gm /m l; B XIV Rotor, 
o ve rla y  w ith  0 .25 M  sucrose
40 ,000  re v s /m in  
9 0 m in
FLOATED  MATERIAL 
D i i .  w i t h d is t .  w a te r
600 x  g 
10 m in
PELLET
Re suspend in 0 .2  5 M  sucrose 
10 s tro ke s , hand hom ogeniser 
2 gm /m l
200 m g /m l 
SLOW SPEED SPIN 
600 x  g , 10 m in
Y
PELLET
Resuspend in 0 .25  M  sucrose 
10 s tro ke s , hand hom ogeniser 
2 gm /m l
A X II ROTOR 
3700 re v s /m in , 50 m in
PM FRACTION 
D e n s ity  1 .19 gm /m l; hom ogenised, 
3 s tro ke s , 2400 re vs /m in
FLOAT at 40 ,000  re v s /m in , 90 min 
Remove p e llic le s
v
D i l .  w ith  d is t .  w ater
40 ,000  re v s /m in  
90 m in
PLASMA MEMBRANE 
PELLET
F ig . 2 -4  : O u tline  o f the tw o procedures used to  separate Plasma
membrane sheets
b) F rac tiona tion  o f Liver M icrosom es
Rat Liver m icrosom es were sub frac tiona ted  by f lo ta tio n  using  a 
lin e a r sucrose g rad ien t in  a B XIV zonal ro to r. In  these experim ents 
ra ts  Livers were perfused w ith  warm ( ~3 7°) 0 .2  5 M  sucrose co n ta in ing  
5 mM T r is -H C l b u ffe r, pH 8 .0 , and homogenised in  the same medium 
(co ld) us ing three strokes o f the Potter-ELvehjem hom ogeniser w ith  the 
pestLe ro ta ted  at 900 re v s /m in . The clearance between pestLe and ve sse l 
was 13/1000 in .  The concen tra tion  o f the hom ogenate, a fte r  f iL tra tio n , 
was brought to  about 8 m l per gram o f L iver. The homogenate was then 
cen trifuged  at 10,000 re v s /m in  fo r  15 m in (Table 2-1) to  remove p a rtic le s  
la rge r than m icrosom es. The supernatant was then spun fo r 60 m in at
40 ,000  re vs /m in  to  peLLet the m icrosom es. The pe.LLet was resuspended 
in 35 m l o f 2 M  sucrose con ta in in g  5 mM T r is -H C l,  pH 8 .0 , by using 
two strokes o f the Potter-ELvehjem hom ogeniser w ith  a pestLe ro ta ted  at 
2400 re v s /m in . A fte r ta k in g  out an aL iquot, the suspension was loaded 
under a lin e a r sucrose g rad ien t ranging in d e n s ity  from 1 .077 to  1 .257 
g /m l prepared as described in sec tion  2 : 4 a . The g rad ien t was buffered 
w ith  5 mM T r is -H C l,  pH 8 .0 . The ro to r was f in a l ly  f i l le d  w ith  2 M 
. .sucrose. A fte r ce n tr ifu g a tio n  fo r 16 hours at 45 ,000 re v s /m in  (Table 
2 -1 ) ,  the con ten ts o f the ro to r were d isp laced  w ith  2 M sucrose , and 
20 m l fra c tio n s  were c o lle c te d . D e ta ils  o f the Loading procedure and 
d isp lacem ent o f the  g rad ien t can be found in section  2 : 4b .
c) SITS L a be lling  o f the S inuso ida l Surface
SITS (4 -A ce ta m id o -4 ‘ - is o - th io c y a n a to -S tilb e n e -2  , 2 '-d is u lp h o n ic  
ac id  d isod ium  sa lt; BDH) is a compound known to  b ind to  p ro te in  and
keep its  fluo rescence  p roperty . The use o f th is  compound in  va riou s  
s tud ies  o f the pe rm e a b ility  o f red blood c e lls  has been reported 
(e .g .  Knauf and R o ths te in , 1971). C onsequen tly , in the present study 
the fluo rescence  o f the S ITS -pro te in  com plex was used as an a id  fo r 
the m orpho log ica l id e n tif ic a tio n  o f the s in u so ida l surface and to  foLLow 
its  d is tr ib u tio n  in the plasma membrane fragm ents separated as 
described  in sec tion  2 : 5a and b .
The live rs  o f ra ts  anaesthe tized  w ith  e the r, were perfused through 
the porta l ve in  w ith  w arm , about 3 7 ° , 0 .2  5 M  sucrose, 5 m M  T ris -H C L , 
pH 8 .0 , u n t i l  com p le te ly  b lan ch ed . £ao(was then perfused w ith  
approx im ate ly  3 0 m l o f a warm and fre s h ly  prepared so lu tio n  o f 50 y M  
SITS in 0 .2  5 M  sucrose , pH 8 .0 .  A fu rth e r perfusion w ith  0.2,5 M  
sucrose ensured th a t the unbound SITS was comp.Lete.ly washed ou t o f 
the l iv e r .  Small p ieces were taken from d iffe re n t parts o f the  liv e r  
and were e ith e r fixe d  w ith  fo rm a lin , o r kept in ic e -c o ld  0 .2 5  M  sucrose 
fo r m orpho log ica l s tu d ie s .
The liv e rs  from tw o ra ts  (about 20 gm) were m ixed and hom ogenised 
in ic e -c o ld  0 .25  M sucrose , pH 8 .0 ,  as described  e a r lie r . A fte r 
f i l t r a t io n  through a coarse s ieve  the volum e was ad justed  to 8 m l per gram 
o f l iv e r .  The homogenate was fra c tio na ted  by d if fe re n t ia l peLLeting in to  
a crude nuc lea r fra c tio n , a m ito ch on d ria l + lysosom al fra c tio n  and a 
m icrosom al fra c tio n  (Table 2 -1 ) .  The crude nuc le a r fra c tio n  was 
resuspended in 40 m i o f 0 .25  M  sucrose, pH 8 .0 , and then fra c tio n a te d  
as described  in  sec tion  2 : 5 a  above. The m icrosom al fra c tio n  was 
processed e x a c tly  as described  in  sec tion  2 : 5b above.
A fte r c e n tr ifu g a tio n , the fra c tio n s  obta ined were d iges ted  in 14%
KOH. To assure com plete d ig e s tio n , incuba tion  at 45° was carried  
out e ith e r ove rn igh t o r fo r 2 d a ys , and in some instances so n ica tion  was 
necessary to  ob ta in  com plete s o lu b iliz a tio n  o f a ll  m embranes. 
F luorescence a t 483 nm w ith  e x c ita tio n  a t 3 50 nm (Knauf and R o ths te in , 
1971) was measured on the d ig e s ts  and on re ference sam ples.
14d) L -(  C )-Fucose la b e llin g  o f g lyco p ro te in
14An attem pt was made to  fo llo w  the incorpora tion  o f L - (  C )-fucose  
' in to  g lyco p ro te in  o f d if fe re n t plasma membrane fragm ents iso la te d  by 
the above-m entioned procedures. Furtherm ore, to  d if fe re n tia te  between 
the secre to ry  g lyco p ro te in  syn thes ised  in the liv e r  and th a t perm anently 
assoc ia ted  w ith  the plasma membrane fragm ents, the fo llo w in g  experim ent 
was d e s ig n e d .
M a le  ra ts  (200-250 gm) were anaesthe tized  and in je c te d  in tra -  
14ve n ou s ly  w ith  L -(  C )-fu cose  (10 y C i/ r a t ) . A fte r 15 and 90 m inutes o f 
in je c tio n , the ra ts  were exsanguinated and the live rs  were perfused as 
fa s t as poss ib le  v ia  the aorta w ith  warm 0 .25  M  sucrose, 5 m M  T r is -  
H C l, pH 8 .0 .  The liv e rs  were frac tio na ted  by zonal ce n tr ifu g a tio n  as 
described  in sec tion  2 : 5c. R a d io a c tiv ity  in the fra c tio n s  c o lle c te d , 
a fte r d is p la c in g  the zonal ro to rs , was measured as fo llo w s : 0 .5  m l o f
the fra c tio n s , p ipetted in to  s c in t i l la t io n  v ia ls ,  was made up to  1 m l w ith  
d is t i l le d  water; 10 m l o f the L is s a p o l-S c in t i l la n t (Table 2 -2 ) was 
added and the v ia ls  were counted in a Packard S c in ti lla t io n  C oun te r.
Serum was separated from the pooled blood and fra c tio n a te d  by 
a f f in i ty  chrom atography on an im m obilised  a n ti-(p la sm a  membrane) as 
described  in section  2 ; 10. An a liq u o t o f the serum was removed fo r
Im m unoelectrophoresis and to  separate the ca rbohydra te -rich  g ly c o ­
pro te in  by fo llo w in g  the method o f Sturgess e t a_l. (1972). An equal
volum e o f co ld  1 .2  N pe rch lo ric  ac id  was added to the fra c tio n  and 
cen trifuged  at 1800 re v s /m in  fo r 20 m inu tes . The p e lle t w h ich  
con ta ined  the pe rch lo ric  a c id - in s o lu b le  m a te ria l was extrac ted  w ith  
c h lo ro fo rm /m e th a n o l/e th e r 2 : 1 : 1 , cen trifuged  as before and the 
supernatant d isca rd e d . The p e lle t was d ried  and d isso lve d  by 
incuba tion  w ith  0 .5  N NaOH fo r up to  2 days a t 45° and counted fo r 
ra d io a c t iv ity  us ing the T r ito s o l-S c in t i l la n t (Table 2 -2 ) .
The supernatant w h ich  con ta ined the pe rch lo ric  a c id -s o lu b le  
fra c tio n  (serom ucoid) was p rec ip ita ted  w ith  1 /5  volum e o f 5% phospho- 
tu n g s tic  ac id  in  2 N H C l. A fte r stand ing in  ice fo r 20 m in u te s , the 
p re c ip ita te  was c e n tr ifu g e d , washed w ith  5% tr ic h lo ro a c e tic  ac id  and 
ce n tr ifu g e d . The p e lle t was washed w ith  ch lo ro fo rm /m e th a n o l/e th e r, 
and counted as described  in the previous paragraph.
Table 2-2  : S c in t i lla t io n  m ixtu re  used in the study
L is s a p o l-S c in ti l la n t T r ito s o l-S c in t i l la n t
2 parts Toluene 
1 part L issa po l 
0.4% PPO
0.03% D im e thy l POPOP
106 m l Ethanol
37 m l Ethylene g lyco l
600 m l Xylene
257 m l T riton  X-100
3 gm PPO
2 : 6). SALT AND DETERGENT EXTRACTION OF LIVER PLASMA
_______ MEMBRANE__________________  ■
The p e lle ts  obta ined a fte r sp inn ing  the floa ted  m a te ria l (see 
sec tio n  2 : 5a) o r the pooled fra c tio n s  from the B XIV ro to r (see sec tion  
2 : 5d) were extracted  se q u e n tia lly  w ith  0 .15  M -N aC l (S he ffie ld  and 
Emm elet, 1972) and 0 .2  M -b ica rb ona te , pH 9 .0  (W eih ing et a I . ,  1972) 
s u c c e s s iv e ly . The b icarbonate  b u ffe r was prepared as 0 .1  M  sodium 
carbonate -  0 .1  M  b ica rbon a te , brought to  pH 9 .0  w ith  N aO H . The 
membranes were resuspended in  5 m l o f the w ashing medium us ing  10 
s trokes o f the Jencons hand-operated hom ogeniser. The hom ogeniser 
was rinsed  w ith  another 5 m l, and the combined so lu tio n  was le ft ove r­
n ig h t a t 4 ° .  The membrane was then pe lle ted  by c e n tr ifu g a tio n  at
40 .000  re v s /m in  fo r 90 m inutes and the p e lle ts  rinsed  by resuspend ing  
in 10 ml o f the w ashing medium and re p e lle tin g  im m ed ia te ly . The 
washed membrane p e lle ts  were e ith e r resuspended in an appropria te  
volum e o f 0 .15  M -N a C l, or re-hom ogenised in 1% sodium deoxycho la te  + 
0.5% Lubrol W  using three strokes o f the Potter-E iveh jem  hom ogeniser 
ro ta tin g  at 2400 re v s /m in . D etergent e x tra c tio n  was ca rried  out a t 4 ° 
o v e rn ig h t. U nd isso lved  m a te ria l was then removed by ce n tr ifu g a tio n  at
40 .000  re v s /m in  fo r 90 m in u tes . The supernatant was c o lle c te d  and the 
p e lle t resuspended in the same e x tra c tio n  m edium .
For im m unoelectrophoresis and im m unod iffus ion  (see se c tio n  2 : 11), 
s a lt and de tergent ex trac ts  were concentra ted in a "D ia f lo "  u lt ra ­
f i l t r a t io n  apparatus (Amicon L td . ,  U .K .)  us ing  a PM -10 membrane, 
fo llo v /ed  by an Amicon B 15 concen tra te r, to  g ive  the requ ired  p ro te in  
co n cen tra tio n .
2 : 7) RAISING OF ANTI-(LIVER CELL CYTOSOL) AND A N T I- 
(LIVER CELL PLASMA MEMBRANE) ANTIBODIES
A n tibod ies  aga in s t ra t i iv e r  piasma membrane were ra ised  in 
s ix  ra b b its ; three ra b b its  were used to  ra ise  an tibod ies  a g a in s t ra t 
Liver c e ll  c y to s o l. The c y to so l used as an antigen was prepared 
from perfused l iv e r ,  as the supernatant a fte r p e lle ting  the m icrosom es 
(Table 2 -1 ) .  The plasma membrane used fo r'im m un isa tio n  was th a t 
ex trac ted  by 0 .15  M -N aC l and b icarbonate  as described  in the previous 
s e c tio n . Th is procedure should have removed traces o f non-membrane 
p ro te in  w h ich  m igh t adhere to  the plasma membrane during the  is o la tio n  
procedure. Both an tise ra  were ra ised  by in je c tin g  the ra b b its  in tra ­
m u scu la rly  a t two w eeks in te rva ls  w ith  1 .5  m l o f the appropria te  
suspens ion . Such suspensions were made up o f 2 m l o f 6 m g /m l 
so lu tio n  o f plasma membrane o r c y to s o l in p h ys io lo g ica l phospha te -
I
buffered sa lin e  (0 .15  M -N a C l/0 .0 1  M  phosphate, pH 7 .5 ) (PBS) and 
Freund com plete ad juvan t (1 : 2 ) . Each ra b b it rece ived  fo u r in je c tio n s  
and a fte r four weeks another in je c tio n  a t the same pro te in  concen tra tion  
was g iv e n . In  order to  keep the a n tibo d y  t it re s  o f the a n tise ra  h ig h , 
the ra b b its  were in jec te d  at fo u r-w e e k ly  in te rva ls  w ith  h a lf  the  p ro te in  
concen tra tion  m entioned above.
W hen an tise ra  were req u ire d , the ra b b its  were b led a t the 8th  day 
a fte r b o o s tin g . The serum was separated (see Table 2 -1 ) and the 
g lo b u lin  fra c tio n  was p rec ip ita ted  by add ing , w h ils t  s t ir r in g ,  an equal 
volum e o f saturated ammonium suLphate s o lu t io n , and leav ing  the m ixtu re  
ove rn igh t a t 4 ° before c o lle c tin g  the p re c ip ita te  by c e n tr ifu g a tio n . The
p re c ip ita te  was d isso lve d  in 0 .15  M~NaCl to g ive  a f in a l vo lum e o f one- 
th ird  th a t o f o r ig in a l serum. The so lu tio n  w as.then d ia lyse d  aga ins t 
severa l changes o f 0 .15  M  sodium ch lo rid e  a t 4° fo r at lea s t 24 h ours . 
The d iffu s a te  was tes ted  w ith  barium ch lo rid e  to assure the com plete 
rem oval o f the su lphate  .
The an tibody  t i t re  o f the tw o an tise ra  ra ised  was tes ted  us ing  the 
O uch te rlony double d if fu s io n  techn ique  (see section  2 : 11 ). A n t i-  
p la sm a  membrane) antiserum  was a llow ed  to  d iffu se  aga ins t normal 
ra t serum; o n ly  an tise ra  show ing the best p re c ip ita tio n  lin e s  were pooled 
toge the r, o the rw ise  they  were re je c te d . A n t i- ( l iv e r  c e ll cy to so l) a n t i­
serum was te s te d  aga ins t l iv e r  c y to s o l, and those showing p re c ip ita tio n  
lin e s  on the O uch te rlony plate were pooled, o therw ise  d is c a rd e d .
To prepare flu o re s c e in -la b e lle d  a n tib o d ie s , the g lo b u lin  fra c tio n  
was ad justed  to  a prote in  concen tra tion  o f 20 m g /m l. 1 m l o f 0 .5  M 
b ica rb o n a te /ca rbo n a te  b u ffe r, pH 9 .0 ,  and 3 m l o f 0 .15  M  sodium 
ch lo rid e  were added per 100 mg p ro te in . F luoresce in  is o -th io c y a n a te  
(FITC) (1 m l o f 2 .5  m g /m l) in b ica rbona te /ca rbona te  bu ffe r w as added 
d ropw ise  to  the v ig o ro u s ly  s tirred  s o lu tio n . The m ixtu re  was incubated 
fo r 2 hours at 3 0 ° , then d ia lyse d  ove rn igh t aga ins t p h y s io lo g ic a l phos­
phate buffered sa line  (PBS) at 4 ° to  remove the unbound d y e . F in a lly ,  
chrom atography on Sephadex G -50 assured the rem oval o f a l l  the  free 
dye from the m ix tu re , and the f i r s t  emerging fra c tio n  was c o lle c te d .
Due to  the in te rfe rence  o f the bound FITC w ith  va rious  methods o f p ro te in  
e s tim a tio n , a com plete recovery  o f prote in  was assum ed. The an tise ra  
were fu rthe r concentra ted using  a "D ia f io "  w ith  a PM -10 mem brane, to  
g ive  the required pro te in  concen tra tion  used fo r va rious  e s tim a tio n s .
2 : 8) BINDING OF ANTISERA TO PLASMA MEMBRANE
A q u a n tita tiv e  method was used to  in ve s tig a te  the ex ten t o f 
c ro s s -re a c tio n  between ra t i iv e r  plasma membrane and ra t serum.
In  th is  study flu o re sce in -la b e lle d  a n t i- ( ra t serum) an tise rum , prepared 
as described  in sec tion  2 :  7 , and iso la ted  plasma membrane were used. 
Such measurements we re performed by incuba ting  the f lu o re s c e in -  
lab e lle d  a n t i- ( ra t serum) antiserum  w ith  the membrane resuspended in 
PBS, a t 37° fo r  30 m inu te s . A fte r incuba tion  the membranes were 
pe lle ted  by ce n tr ifu g a tio n  at 40 ,000 re v s /m in  fo r 90 m in u te s . Loose ly  
bound m a te ria ls  were removed by re suspending the membrane in an 
appropria te  vo lum e o f PBS and re p e lle t in g . Sodium deoxycho la te  was 
added to  g ive  a f in a l concen tra tion  o f 1% and the fluo rescence  was 
measured a t 520 nm w ith  e x c ita tio n  a t 494 nm.
To determ ine the percentage o f plasma membrane an tigens removed 
by the s a lt e x tra c tio n  procedure (see sec tion  2 : 6) ,  iso la te d  and s a lt -  
extracted  plasma membranes were incubated w ith  the f lu o re s c e in -  
lab e lled  a n ti-(p la sm a  membrane) antiserum  and processed e x a c tly  as 
ab o ve .
2 : 9) PREPARATION OF IMMUNOADSORBENT
Im m ob ilised  a n ti-(p la sm a  membrane) and a n ti- (c y to s o l)  an tise ra  
were prepared by the method o f Cuatrecasas et a L  (1968). Such 
procedure invo lves  the in te ra c tio n  o f the im idocarbonate d e r iv a tiv e  o f 
Sepharose-4B (C N B r-ac tiva ted  Sepharose) w ith  the an tibody pro te in  in  
m odera te ly  a lk a lin e  m edium .
a) Preparation o f ac tiva te d  Sepharose
The im idocarbonate d e riv a tiv e  o f Sepharose-4B was prepared by 
re ac tion  w ith  cyanogen b rom ide. Sepharose-4B was washed tho rough ly  
w ith  d is t i l le d  w ate r and then was resuspended in an equal vo lum e o f 
d is t i l le d  w a te r. An equal volum e o f a fre s h ly  prepared aqueous so lu tio n  
o f cyanogen bromide (100 m g/m l) was added, and the pH was ad jus ted  
im m ed ia te ly  to , and m ain ta ined a t, 11 by t it ra t in g  the m ixtu re  w ith  
4 N NaOH w ith  constan t s t ir r in g . W hen the reac tion  ended (about 
8-10 m in ), the Sepharose was washed w ith  about 20 vo lum es o f co ld  
w ate r on a Buchner funne l under suction  (about 2 m in) fo llo w e d  by 20 
vo lum es o f co ld  0 .1  M  b ica rbona te , pH 9 .0 .  The washed a c tiva te d  
Sepharose was resuspended in a volum e o f 0 .1  M  b ica rbon a te , pH 9 .0 ,  
equal to  tha t o f the o r ig in a l Sepharose.
b) Preparation o f im m ob ilised  an tisera
A n ti-(p lasm a  membrane) or a n ti- (c y to s o l)  antiserum  was added to
the ac tiva te d  Sepharose suspension as q u ic k ly  as p o ss ib le . The m ixture  
was le ft g e n tly  s tir r in g  at 4 ° fo r 24 hours . The s lu rry  was poured into 
a 1 .5  x  50 cm co lum n, a llow ed  to  pack and washed e x te n s iv e ly  w ith  
0 .15  M -N a C l fo llo w e d  by thorough w ashing w ith  so lu tio n s  used fo r 
e lu tio n  (see sec tion  2:10 b e lo w ). Exposure o f the column to  each 
e lu tio n  so lu tion  was fo llo w e d  by thorough w ash ing w ith  0 .15  M -N a C l.
2 : 10) AFFINITY CHROMATOGRAPHY
In  order to  e s ta b lis h  the exact con d itio n s  fo r the a f f in ity  
chrom atography techn ique  to be used to  separate ra t serum antigens 
common to liv e r plasma membranes, cy to so l and a n ti- (c y to s o l)  antiserum  
were taken as a model o f s p e c if ic  a n tig e n -a n tib o d y  b ind ing  phenomenon.
a) V e r if ic a tio n  o f an tigen  separation  co nd itions
In  th is  p re lim in a ry  experim ent, l iv e r  c e ll c y to s o l and Sepharose- 
a n ti- (c y to s o l)  con jugate  (prepared as above) were le ft w ith  g e n tly  m ix in g  
a t 4° fo r  30 m in u tes , 1 hour, 2 , 4 , 12 and 24 hours . The suspension was 
then packed in a 1 ,5 x  50 cm colum n and washed w ith  0 .15  M -N a C l u n til 
no pro te in  was detected in the w ash ing (judged by the 280 nm m easurem ent). 
The fo llo w in g  so lu tions  (500 m l each) were used to  e lu te  the bound an tigens, 
from the an tibod ies  as q u ic k ly  as p o ss ib le .
50 mM G .lyc in e -H C l, pH 2 .8 
1 M  P rop ion ic a c id , pH 2 .5
3 M  Sodium th io cya n a te , 50 mM phosphate, pH 6 
2 .5  M  Magnesium  ch lo ride  
The e luen ts  were e ith e r n e u tra lise d  to  pH 7 .0  (in  case o f a c id ic  
so lu tio n s ) a n d /o r d ia lyse d  aga ins t severa l changes o f 0 .15  M -N a C l 
(in  case o f so lu tio n s  in te rfe rin g  w ith  e ith e r enzyme o r pro te in  a s s a y s ) .
By such experim ents, i t  was poss ib le  to  judge the e lu tio n  power o f each 
so lu tio n  as measured by recovery  o f prote in  and enzyme a c t iv i t y .
b) Is o la tio n  o f ra t serum an tigens common to liv e r  plasma membrane
The im m ob ilised  a n t i- ( l iv e r  plasma membrane) fra c tio n  (prepared 
as above) resuspended in an equal volum e o f 0 .15  M -N aC l.w as  m ixed w ith  
ra t serum . In  e a rly  experim ents 3 m l o f 3 5 m g /m l ra t serum pro te in  was 
added dropw ise  to  the suspended S epharose-an ti-(p lasm a membrane) 
con jugate  and was incubated w ith  gentle  s t ir r in g , at 4 °* In  in i t ia l  
experim ents va ry in g  incuba tion  tim es were, tr ie d . I t  was concluded tha t 
the best re su lts  were obta ined i f  the incuba tion  was extended to 24 hours. 
A fte r in cu b a tio n , the s lu rry  was poured in to  the co lum n, a llow ed  to pack 
and trea ted  e x a c tly  as in part a .
2 .5 M -M agnesium  ch lo rid e  was used ro u tin e ly  as an e luen t (see 
re s u lts  s e c tio n ), . . e lu tio n  was continued u n til no fu rth e r p ro te in
U)ds present in the e luen t (measured as absorbance at 2 80 nm ). F rac tions  
o f the pro te in  peak were pooled and d ia lyse d  aga ins t 3 x 2  Q o f 0 .15  M - 
N aC l in an o ve rn igh t sequence. By such procedure the percentage 
o f serum prote in  common to  l iv e r  plasma membrane was m easured. Later 
the q u a n tity  o f ra t serum was increased g ra du a lly  u n t il a 50 m l Sepharose- 
a n ti-(p la sm a  membrane) colum n co n ta in ing  3 mg a n ti-(p la sm a  membrane)
dchfed
pro te in  per m l Sepharose was sa tu ra ted . R ou tine ly  10 m l rayserum  
o f 3-5 m g /m l p ro te in  concen tra tion  was used.
2 : 11) GEL ELECTROPHORESIS AND IM M U N O -D IFFU SIO N
ALL po lyacry lam ide  ge l e lec tropho res is  was performed in 9 cm x  
5 mm g la ss  tubes using a home-made e le c trop ho res is  appara tus. The 
fo llo w in g  so lu tio n s  were used:
So lu tion  (A) 3 6 .6  gm T ris  d isso lve d  in d is t i l le d  w a te r to  w h ich
0 .4 6 m lT E M E D  (N N N N -te tram ethy le thy lened iam ine ) 
was added, the pH brought to  8 .0  w ith  H C l and 
the volum e made up to  100 m l.
S o lu tion  (B) 20 gm A cry lam ide and 0.53 gm B is -ac ry la m id e  in
100 m l d is t i l le d  w a te r.
S o lu tion  (C) F resh ly  prepared 0.14% ammonium p e rsu lfa te .
The po lyacry lam ide  ge ls  were prepared from 2 m l o f A , 4 m l B,
8 m l C and 2 m l d is t i l le d  w a te r. The tubes were f i l le d  w ith  th is  
so lu tio n  up to  8 cm he igh t and c a re fu lly  ove rla id  w ith  d is t i l le d  w a te r. 
A fte r po lym e riza tio n , (3 0 m in) samples (to w h ich  a fe w  sucrose c ry s ta ls  
was added) were layered on top  o f the p o lyacry lam ide . E lec trophores is  
was performed fo r 2 hours at room tem perature in T ris  (0 .05  M )-g ly c in e  
(0 .4  M) b u ffe r, pH 8 .3 , us ing  5 m A /tube .
For a l l  im m unoelectrophoresis techn iques described  in th is  th e s is , 
1% w /v  agar in 0 .044 M -b a rb ito n e  b u ffe r, pH 8 .6 ,  was used . The agar 
p la tes were prepared by pouring 10 m l o f m olten agar on an 8 x  8 cm 
g lass  p late g iv in g  3 mm ge l th ic k n e s s . W e lls  and troughs were cu t 
using a home-made c u tte r . The d im ensions are shown in F ig 2 -5 a .
• A fte r c lea ring  the w e lls ,  a drop o f the an tigen so lu tio n  was loaded and
electrophoresed a t room tem perature fo r 2 hours w ith  the current ad justed  
to 20 m A /p la te  (about 10 v o lt /c m  across the p la te ). The troughs were 
then removed and the an tise ra  were loaded im m ed ia te ly .
O uch te rlony double d if fu s io n  techn ique was performed in  1.5%  w /v  
agar in 0 .3  M  phosphate b u ffe r, pH 8 .6 ,  on p la tes prepared as described 
above . The d im ensions o f the home-made O uchterlony type  c u tte r are 
shown in F ig . 2-5 b .
D iffu s io n  and p re c ip ita tio n  were a llow ed  to  proceed fo r 2-3 days 
a t room tem perature before the p la tes were washed w ith  severa l changes 
o f 2 .5  % N aC l fo llo w e d  by d is t i l le d  w a te r. The p la tes were then d ried  
using  hot a ir .  D ry p la tes were then sta ined fo r p ro te in  w ith  2% Ponceau 
S in 2% a ce tic  ac id  fo r 3 0 min and were then washed w ith  2% a c e tic  ac id  
u n til a c le a r background was o b ta in e d . In  some cases the d ry  p la tes 
were sta ined fo r prote in  w ith  Coomassie B r ill ia n t b lue R fo r  10 min. and 
were then washed w ith  45% ethanol -  10% a c e tic  a c id .
Po lyacry lam ide ge ls  were sta ined e ith e r fo r to ta l carbohydra tes by 
the pe riod ic  ac id  S ch iff procedure (Zacharias et a L , 1969) or fo r  p ro te in  
by incuba ting  the ge ls  in 2% Ponceau S o ve rn ig h t. The ge ls  were then 
washed w ith  2% a c e tic  ac id  u n til the areas con ta in ing  no p ro te in  are 
com p le te ly  d e s ta in e d .
For h is to che m ica l s ta in ing  on the im m unoeiectrophoresed p la te s ,
7 y l o f the detergent e x tra c t (see sec tion  2 : 6 ) ,  con ta in in g  about 
25 m g /m l p ro te in , were e lec tro  phoresed at 4 ° fo r  6 hours using 4 
m A /p la te  (approx 40 v o lts ) .  The troughs were then removed and the 
an tise ra  were added im m ed ia te ly  and a llow ed  to  d iffu s e  fo r 24 hours
a t room tem perature fo llo w e d  by tw o days at 4 ° .  The u nprec ip ita ted  
p ro te ins were washed out w ith  2 .5  M -N a C l (as above) and the w et 
g e ls  were sta ined as described b e lo w .
Fig 2-5 
(a)
(b)
2mm 
^ 5mm
O
~ O 6. 2mm
6mmCD
0  1 - 0  
C D 7"™ O O O
3 2mm 
1
a) Dimensions of the wells and troughs used for agar gel electrophoresis.
b) Dimensions of the Ouchterlony type cutter used.
2 : 12) HISTOCHEMICAL STAINING
a) Enzymes re leas ing  inorgan ic  phosphate
S ta in ing was performed accord ing  to  the method o f E l-A aser et a i . 
(1973). The incuba tion  m ixtu re  conta ined 50 mM d im e thy ig lu ta ra te  
b u ffe r, pH 7 .2 ,  2 mM lead n itra te , 5 mM magnesium n itra te  and 5 mM 
AMP or ATP as su b s tra te . A fte r incuba tion  fo r  2-3 hours a t 3 7 ° , the 
p la tes were washed e x te n s iv e ly  w ith  d is t i l le d  w ate r and immersed in 
2% y e llo w  ammonium s u lf id e . A fte r a few  moments the p la tes  were 
tho rough ly  washed w ith  d is t i l le d  w ater and d r ie d . A lthough a 
p re c ip ita te  (perhaps lead phosphate) does form in the incuba tion  m ix tu re , 
i t  seems not to  in te rfe re  w ith  the enzyme s ta in in g .
b) A lka lin e  phosphatase
The method o f Gomori (1951) was used fo r a lk a lin e  phosphatase 
s ta in in g . The p la tes were incubated at 3 7° w ith  a m ixtu re  co n ta in in g  
10 mg so d iu m -a -n a p h th y l phosphate, 40 m l T r is -H C l b u ffe r (0 .2  5 M ), 
pH 8 .0 ; 40 m l d is t i l le d  w ater; 0 .2  5 m l 10% M gC .^ end 30 mg d iazon ium  
s a lt "Blue RR". Three to  fou r changes o f the incuba tion  m ix tu re  every  
10-15 m inutes was found to  g ive  the best s ta in in g . The p la tes were 
then washed w ith  d is t i l le d  w ate r and d r ie d .
c) L -L eu cy l-B ~  aaphthy l am idase
A p p lica tio n  o f the method o f Gomori (19 54) fo r the h is to c h e m ic a l 
s ta in in g  o f the amino peptidase was found to  be the m ost s u ita b le .
One m l o f 1% aqueous stock so lu tio n  o f L - le u c y l- 3-n a p h th y l am ide
w as d ilu te d  fo rty  tim es w ith  w a te r and m ixed w ith  10 m l o f 0 .2  M 
T r is -H C l b u ffe r, pH 7 .1 .  30 mg o f d ia zo tize d  o -am in oazo to lu ene
(Garnet GBC sa lt) are added. The ge ls  were incubated in  th is  m ix tu re
O 'a t 37 u n t i l  the des ired  s ta in in g  rea c tion  was obta ined (u s u a lly  about 
one hour) . The incuba tion  medium must be changed every 15-20 
m inu tes . The ge ls  were then washed w ith  w ate r and e ith e r d ried  
(in  case o f agar ge ls ) or stored in 2% a c e tic  ac id  (in case o f  p o ly a c ry l­
amide g e ls ) .
CHAPTER THREE
RESULTS
3 : 1 )  PURIFICATION OF PLASMA MEMBRANE FROM 
 _________NUCLEAR FRACTION
As d iscussed  in the In tro d u c tio n  va riou s  authors have 
shown th a t/a fte r  hom ogen isa tioa  the piasma membrane breaks 
in to  large sheets w h ich  sedim ent -with the nuc lea r fra c tio n  and 
sm a ll v e s ic le s  recovered in the m icrosom al fra c tio n . P u rif ic a tio n  
o f plasma membrane sheets from crude nuc lear fra c tio n  has 
a lre ady  been reported from th is  labora to ry  (H inton et a I . ,  1970) 
and th is  procedure was used in e a rly  experim ents in the present 
s tu d y . The nuc lea r fra c tio n / prepared from perfused l iv e r ,  
was cen trifuged  at 3 700 re v s /m in  fo r 50 m in in an A X II zonal 
ro to r. A fte r ce n trifu ga tio n  fou r d is t in c t iv e  bands o f p a rtic le s  
cou ld  be seen in  the ro to r (F ig . 3 - l a ,  reg ions 2 -5 ) . The 
d is tr ib u tio n  o f marker enzymes fo r va rious  s u b ce llu la r s tru c tu re s / 
nam ely 5 '-nucleotidase / succ ina te  dehydrogenase / g lucose  6 - 
phosphatase and ac id  phosphatase, ind ica ted  th a t the four 
reg ions correspond re s p e c tiv e ly  to ; ve ry  low  sedim enting 
m a te ria l in c lu d in g  m icrosom es (2 ), m itochondria  (3), plasma 
membrane (4) and n u c le i contam inated w ith  aggregated m a te ria l (5 ). 
The lysosom es, as ind ica ted  by the d is tr ib u tio n  o f ac id  phosphatase, 
were m a in ly  located between the m itochondria  and the m icrosom al 
bands (F ig . 3 -2 ) .  These fra c tio n s  have been examined by
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Fig 3-1
Pattern obtained after centrifugation for 50 min at 3700 revs/min in an AXII 
zonal rotor of:
a) A crude nuclear fraction separated from a rat liver homogenate by 
defferential pelleting.
b) Material floated from the whole homogenate after adjusting the density 
to 1. 19 and centrifugation for 90 min at 40000 revs/min.
In both a and b perfused liver was used, and the sample, resuspended in 
0.25 M sucrose, was layered in front of the gradient as indicated by the 
arrows. All solution contained 5mM-NaHC03 , pH 7. 4
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Fig 3-2
Distribution of protein and marker enzymes after centrifugation of a crude 
nuclear fraction for 50 minutes at 3700 revs/min in an AXII zonal rotor.
T o p : - - - - ,  density; protein; □ □, glucose 6-phosphatase (G6Pase);
o—— o, 5T-nucleotidase (AMPase); bottom:© ©, acid p-glycerophosphatase
(AcidPase);*f + succinate dehydrogenase (SuccDase);v v, L -leucyl-p-
naphthylamidase (LNase).
e lec tron  m icrsocopy (F itzs im ons , 1969), lig h t m icroscopy and 
enzym ology (H in ton e t a_ l., 1970), and i t  was shown th a t 
reg ion  (4) con ta ins  sheets o f plasma membrane. There fore , 
in th is  s tu d y , enzym ology was taken as c r ite r ia  fo r the p u rity  
o f th is  l iv e r  f ra c t io n . Exam ination o f F ig . 3 - la  shows the 
presence o f a peak (region 1) w ith  no enzyme a c t iv it ie s .  Th is 
peak is  a lm ost c e r ta in ly  composed o f lip id  m a te ria l w h ich  has 
floa ted  from the sample re g io n .
As shown in F ig .3 -2 , the plasma membrane sheets o f 
reg ion  (4) s t i l l  possess a cons iderab le  amount o f g lucose 6 - 
phosphatase and succ ina te  dehydrogenase. These a c t iv it ie s  
have been a ttribu ted  to  the presence o f m itochondria  and 
endoplasm ic re ticu lum  trapped w ith in  the plasma membrane 
sheets (H inton et a_l., 1970). The plasma membrane o f reg ion  (4) 
was freed from m ost o f the con tam ina ting  m a te ria l by f lo ta t io n  
from sucrose so lu tio n  o f d e n s ity  1 .19  g /m l.  Th is f lo ta t io n  resu lted  
i;n increas ing  the p u rif ic a tio n  o f 5’-nuc leo tidase  from 1 4 -fo ld  to  
3 0 -fo ld  as compared w ith  the hom ogenate. Table 3-1  shows 
the p u rity  and recovery  o f the plasma membrane fra c tio n  w h ich  
was found to  be a lm ost a d u p lica te  o f th a t reported by H in ton  e t a l .  
(1970).
Later in th is  study the procedure fo r is o la tin g  l iv e r  plasma 
membrane was m od ified  by in troduc ing  a f lo ta tio n  step p rio r to  
the zonal ce n trifu g a tio n  as i t  was described by Prospero and
H in ton  (1973; "second procedure") in the separation o f 
hepatoma plasma membrane (see Fig 2 -4 , M a te ria ls  and M e th o d s ). 
Th is m o d ifica tio n  a llow ed  fo r more m a te ria l to be processed in 
a s ing le  ce n tr ifu g a tio n  by reducing the amount o f o ther s u b c e llu la r 
fra c tio n s  in the fra c tio n  loaded onto the A X II zonal ro to r and so 
preventing ove rload ing  o f the g ra d ie n t. F ig . 3 - lb  sh ow s, as 
expected , th a t ce n trifu g a tio n  o f the floa ted  m a te ria l from the 
w hole homogenate in an A X II zonal ro to r g ive s  one m ajor p ro te in  
reg ion  w h ich  corresponds to  reg ion  (4) o f F ig . 3 - la  a lready  
id e n tifie d  as the plasma membrane shee ts . The plasma membrane 
m arker enzym es, nam ely 5 '-nuc leo tidase , L - le u c y l-3 -n a p h th y la m id a s e t 
a lk a lin e  p -n itro p h e n y l phosphatase, a lk a lin e  phosphodiesterase 
and a lk a lin e  r ib o n u c le a se , were a l l  concentra ted in the same band 
(region 4) o f the g rad ien t (F ig .3 -3 ) .  The m o d ifica tio n  o f the 
is o la tio n  procedure resu lted  in an increase in 5 '-n u c le o tid a se  
s p e c if ic  a c t iv ity  from 1 4 -fo ld  (method o f H in ton et a_L , 1970) to  
1 7 -fo ld  over th a t o f the hom ogenate. F lo ta tio n  o f the plasma 
membrane sheets so prepared, from sucrose so lu tio n  o f d e n s ity  
1 .19  resu lted  in fu rth e r p u rif ic a tio n  o f 5 '-n u c le o tid a se  s p e c if ic  
a c t iv ity  to  about 37- fo ld  over the homogenate (Table 3 -2 ) .
In  any c e ll  fra c tio n a tio n  techn ique the p o s s ib ili ty  e x is ts  
th a t the iso la te d  fra c tio n  cou ld  be contam inated by pro te ins 
absorbed a fte r breakage o f the c e ll membrane. In  the case o f 
liv e r  c e ll plasma membrane Emmelot et a j.. (1964) reported th a t
non-membraneous prote in  can be removed from the iso la te d  plasma •
(a)
15-
--200
C5
05
CL
100
5
CL
CO
20 30Fraction no,
(b)
0.1
73
0.05 j
10 Fraction no. 30
Fig 3-3
Distribution of marker enzymes after centrifugation of the floated material 
from the whole homogenate for 50 minutes at 3700 revs/min in an AXII zonal 
rotor.
a ) --------- , density; , protein;o— —o, 5’—nucleotidase (AMPase);n □,
.glucose 6-phosphatase (G6Pase).
b) v v, L-leucyl — p—naphthylamidase (LNase);^ 1”, succinate
dehydrogenase (SuccDase);© ©, acid p-glycerophosphatase (Acid Pase).
Other plasma membrane enzymes, namely alkaline p-nitrophenyl phosphatase, 
alkaline phosphodiesterase (measured with b is- p -nitrophenyl phosphate as 
substrate) were all coincident in distribution with 5T-nucleotidase.
membrane by w ash ing w ith  0 .15  M -N a C l. I t  has a lso been 
reported th a t p ro te ins trapped ins ide  membrane v e s ic le s  are 
re leased by w ash ing w ith  0 .2  M -N aH C O ^ b u ffe r, pH 9 .0  
(W eih ing j ^ a l . ,  1972). There fo re , to  avo id  the p o s s ib il i ty  th a t 
our plasma membrane preparation cou ld  be contam inated by non - 
membraneous p ro te in s , the iso la te d  plasma membranes were exposed 
to  0 .15  M -N a C l fo llow ed  by 0 .2  M-NaHCC>3 b u ffe r, pH 9 .0 .
W ashing the iso la ted  membranes w ith  such so lu tion s  re su lted  in 
rem oval o f a cons iderab le  amount o f p ro te in  toge the r w ith  a 
s ig n if ic a n t proportion o f plasma membrane m arker enzym es. Table 3-3  
shows th a t the proportion o f p ro te ins and plasma membrane m arker 
enzymes extracted  by the b icarbonate  b u ffe r is  much h ighe r than 
th a t removed by 0 .15  M -N a C l. These re s u lts  may be exp la ine d  in 
tw o w a y s :-  1) the m a te ria ls  con tam ina ting  our plasma membrane 
preparation are assoc ia ted  w ith  such enzym ic a c t iv it ie s  and th a t the 
iso la te d  plasma membranes are contam inated w ith  a large number o f 
v e s ic le s ; 2) th a t the w ash ing procedure does in fa c t remove membrane 
p ro te ins to  some e x te n t. M a te r ia l removed by the b icarbonate  b u ffe r 
and 0 .15  M -N a C l, was fu rth e r examined by te s tin g  i t  a g a ins t a n t i-  
( l iv e r  c e ll cy to so l) and a n t i- ( l iv e r  c e ll plasma membrane) an tise ra  
prepared as described in C hapter 2 "M a te r ia ls  and M e th o d s ".
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3 : 2) PROPERTIES OF ANTISERA PREPARED
a) Ant I - ( l iv e r  c e ll cy to so l) antiserum
Rabbit a n ti- ( liv e r c e ll cytoso l) was ra ised  as described  in 
C hapter 2 (M a te r ia ls  and M e thods). The s p e c if ic ity  o f the a n t i-  
(c e llc y to s o l)  so prepared was tes ted  aga in s t liv e r  c e ll  c y to so l 
prepared from perfused liv e r  by im m unoelectrophoresis (F ig . 3 -4 ) .
+
o
F ig . 3 -4  . Im m unoelectrophoresis o f liv e r  c y to s o l a g a ins t a n t i-  (c e ll 
c y to s o l) . The an tise ra  in troughs are from 'tw o d if fe re n t ra b b its .
The upper and low er w e lls  con ta in  about 0 .2  5 mg cy to so l p ro te in , 
the cen tra l w e ll con ta ins  the same c y to so l d ilu te d  f iv e  t im e s . 
E lec trophores is  was fo r 2 hours at about 10 V /cm  in 0 .044  M -b a rb ito n e  
b u ffe r, pH 8 .6 .  The unprec ip ita ted  pro te ins were washed o ff  w ith  
2.5%  NaC l and the d ry  plate was sta ined fo r prote in  w ith  Ponceau S.
b) A n t i- ( l iv e r  c e ll plasma membrane) antiserum
A n ti-(L iv e r ceLL plasma membrane) was prepared in ra b b its  
aga ins t plasma membrane sub jected  to  both 0 .15  M -N a C l and 
0 .2  M -b ica rb o na te  b u ffe r, pH 9 .0  (core plasma m em brane).
The s p e c if ic ity  o f the a n ti-(p la sm a  membrane) was tes ted  aga ins t 
iso la te d  plasma membranes and th a t recovered a fte r w ash ing  w ith  
0 .1 5  M -N a C l and 0 .2 M -b ica rb o na te  b u ffe r, pH 9 .0 .  The a n t i-  
(plasma membrane) was tes ted  a s .described  b e lo w . B r ie f ly ,  
flu o re s c e in - la b e lle d  a n ti-(p la sm a  membrane) antiserum  was a llow ed  
to  reac t d ire c t ly  w ith  the membrane and the fluo rescence  a ttached 
to  the membrane was m easured. The presence o f a n tibod ies  aga ins t 
plasma membrane enzymes was v e r if ie d  by h is to che m ica l s ta in in g  
methods using  s o lu b iliz e d  plasma membrane.
(i) B inding o f a n ti-(p la sm a  membrane) to  iso la te d  
plasma membrane
To measure the ex ten t o f b ind ing  o f the prepared a n ti-(p la sm a  
membrane) antiserum  to  the iso la ted  plasma mem brane, a liq u o ts  o f 
the iso la ted  membrane con ta in ing  0.1 mg prote in  were incubated 
a t 37 ° fo r 3 0 m in w ith  an increas ing  amount o f f lu o re s c e in -  
lab e lle d  a n tl-(p la sm a  membrane). The membrane^then washed 
w ith  phosphate buffered sa line  (PBS) to  remove the lo o se ly  bound 
m a te ria l and the fluo rescence  in te n s ity  o f the a n tig e n -a n tlb o d y  
com plex was measured (as described  in C hapter 2, M a te r ia ls  and 
M e th o d s ). In i t ia l ly  the exten t o f b ind ing  o f labe lled  a n ti-(p la sm a  
membrane) to  the membrane pro te ins was found to  increase lin e a r ly
as the amount o f LabeLled a n ti-(p la sm a  membrane) incubated in 
the assay medium was inc re ased . H ow eve r/ a fte r a d d itio n  o f 
25 mg an ti-(p lasm a membrane) g lo b u lin  to  the incuba tion  m ix tu re , 
the  in te n s ity  o f the fluo rescence  measured a t 520 nm w ith  
e x c ita tio n  at 494 nm was found to  be a lm ost constan t (F ig . 3 -5 a ). 
Th is  suggested th a t the a n tige n ic  b ind ing  s ite s  o f the iso la te d  
plasma membrane were sa tu ra ted . Saturation o f plasma membrane 
b ind ing  s ite s  was ach ieved when about 3 0 mg o f a n ti-(p la sm a  
m em brane)globulin  were bound per mg plasma membrane p ro te in s . 
C a lcu la tio n  from a standard curve o f flu o re sce in  lab e lle d  a n t i-  
p lasm a m em brane)(F ig . 3 -5b) showed tha t about 12% o f the 
p ro te ins in the a n ti-(p lasm a  membrane) g lo b u lin  preparation were 
capable o f b ind ing  to  the membrane . •
I t  was shown e a r lie r  in th is  section  th a t w ash ing the iso la te d  
plasma membrane su c c e s s iv e ly  w ith  0 .15  M -N a C l and 0 .2  M -  
b icarbonate  b u ffe r, pH 9 .0  removed a considerab le  amount o f 
pro te in  from the membrane. Th is w ashing procedure appa re n tly  
increased the b ind ing  ca p ac ity  o f the membrane to  an ti-(p la sm a  
membrane). The fluo rescence  in te n s ity  measured a fte r incuba ting  
the washed plasma membrane w ith  s u ff ic ie n t a n ti-(p la sm a  membrane), 
enough to  saturate the iso la te d  plasma membrane,was enhanced 
by about 10%. These re su lts  ind ica ted  th a t w ash ing the iso la te d  
plasma membrane w ith  0 .15  M -N a C l and 0 .2  M -b ica rb o na te  
resu lted  in the exposure o f new a n tige n ic  b ind ing  de te rm inan ts
Amount of anti-(plasma membrane) globulin (mg)
40 _
2 0 “
u.
1 2 3 4
Amount of anti-(plasma membrane) globulin (mg)
Fig 3-5
a) Binding of fluorescein-labelled anti-(plasma membrane) immunoglobulin 
to plasma membranes as a function of the amount of globulin added. In each 
case an aliquot containing 0.1 mg plasma membrane protein was incubated 
with-the immunoglobulin at 37°C for 30 min. Sodium deoxycholate was added 
to each assay to a final concentration of 1%.
b) Fluorescence intensity as a function of anti-(plasma membrane) globulin 
concentration.
w h ich  were p re v io u s ly  m asked . The m asking prote ins cou ld  be 
e ith e r m a te ria ls  absorbed on to  the plasma membrane during  the 
is o la tio n  procedure, o r the y  are true membrane pro te ins w h ich  
h ide  other p o te n tia l b ind ing  s ite s  located deeper in the membrane. 
These tw o p o s s ib ilit ie s  were fu rth e r examined as w i l l  be described 
la te r .
(Li) A n tibod ies  aga ins t plasma membrane enzymes
The presence o f an tibod ies  aga ins t plasma membrane 
enzymes in our a n ti-(p la sm a  membrane) g lo b u lin  fra c tio n  
preparation was examined by h is to che m ica l s ta in ing  o f the 
im m unoprec ip ita tion  Lines formed by soLubilized pLasma 
membrane a ga ins t the an ti-(p la sm a  membrane) g lobuLin upon 
e le c tro p h o re s is . Since a l l  the re s u lts  presented in th is  section  
were obta ined a fte r s o lu b iliz in g  the plasma membrane by 
1% sodium deoxycho la te  + 0.5% Lubrol W , the e ffe c t o f th is  
m ix tu re  o f de tergents on the a c t iv ity  o f plasma membrane enzymes 
was exam ined. The re su lts  o f these s tud ies  (F ig .3 -6 ) show 
th a t the m ixtu re  o f de te rgents used has no e ffe c t on the assay 
o f the membrane pro te in  by the Lowry m ethod. H ow ever, 
5 '-n u c le o tid a s e  was found to  be ac tiva te d  by a fa c to r o f th re e , 
whereas L - le u c y l-$ -n a p h th y la m id a s e  and a lk a lin e  phosphatase 
were in h ib ite d  by about 30% and 45% re s p e c tiv e ly . These 
fac to rs  were used in the c a lc u la tio n  o f the amount o f materiaL 
s o lu b iliz e d  a fte r treatm ent o f the membrane w ith  the d e te rg e n t.
The re s u lts  presented in Table 3 -4  show th a t about h a lf o f the 
pLasma membrane p ro te ins are s o lu b iliz e d  by the de tergent 
m ix tu re . The enzyme a c t iv it ie s  were m a in ly  assoc ia ted  w ith  
the s o lu b iliz e d  part o f the plasma membrane. The fa ilu re  to  
ob ta in  a 100% recovery  could be exp la ined  as e ith e r due to  the
F ig . 3 J5
E ffec t o f sodium deoxycho la te  (DOC) + Lubro l W  on p ro te in , assayed 
by Lowry m ethod, and enzyme a c t iv it ie s  o f ra t Liver plasma m embrane. 
In  a i l  ca se s , an a liq u o t con ta in in g  0 .2  mg plasma membrane p ro te in  
was m ixed w ith  the corresponding amount o f concentra ted s tock  so lu tio n  
o f the detergent m ix tu re  to  g ive  a f in a l concen tra tion  o f 1% DOC + 0.5%  
Lubro l W . The va lue s  on the X -a x is  show o n ly  the DOC concen tra tion  
o f the de tergent m ix tu re .
a) C on trib u tio n  o f the de tergents used fo r s o lu b iliz a tio n  to the p ro te in
assayed by the Low ry m e th o d ,  x't reagent b lank assayed by
su b s titu tin g  0 .15  M -NaCL fo r the amount o f t is s u e  usedo  o.
In  case o f enzyme assays the "Reagent b la n k " was n e g lig ib le .
b) A c t iv ity  o f plasma membrane enzymes and pro te in  in the presence 
o f the detergent m ix tu re  as a percentage o f con tro l assayed by 
s u b s titu tin g  0 .15  M -NaCL fo r de tergent m ix tu re .
5 '-N u c le o tid a s e  (AM Pase).
L - le u c y l-  $-naphthylam idase (LN ase).
A lka lin e  phosphatase (APNPPase).
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F ig . 3 -6
inaccu racy  o f the co rrec tion  fa c to rs , o r the residue recovered 
a fte r ce n tr ifu g a tio n  trapp ing  some o f the de te rgen t.
Tabie 3 -4  : Percentage o f plasma membrane prote in  and enzyme 
a c t iv it ie s  extracted  w ith  1% sodium deoxycho la te  + 
0.5% Lubroi W . The re s u lts  are g iven as means + 
standard d e v ia tio n , w ith  number o f observa tions  
in  parentheses.
% m a te ria l recovered in
M easurem ent - E xtract Residue
Prote in 55 ± 2 . 5  (3) 42 .9  + 1 .6  (3)
5 '-N u c le o tid a s e 90 + 3 .7  (5) 3 5 .6  + 1 .2 (5)
A lk a lin e  phosphatase 5 6 .2 + 2 .3  (3) 11 .9  + 1 .4 (3)
L - le u c y l-  3 -na phthy lam ida se 60 .7  + 1 .9  (5) 1 9 .3 + 3 .6  (5)
In  a l l  cases plasma membrane preparation washed w ith  0 .15  M -  
N aC l and 0 .2  M -N aH C O ^ co n ta in in g  about 12 mg p ro te in  was 
re suspended in 10 m l o f 1% sodium deoxycho la te  + 0.5%  Lubro l W . 
S o lu b iliz a tio n  was ca rried  out fo r 24 hours a t 4 °C . The res idue  
c o lle c te d  by ce n tr ifu g a tio n  at 40 ,000  re v s /m in  fo r 90 m in was 
resuspended in 0 .15  M -N a C l. The re su lts  are g iven  as a 
percentage o f the pro te in  or enzyme a c t iv ity  found in membranes 
stored in 0 .15  M -N a C l at 4°C  during  the 24 hours requ ired  fo r 
the s o lu b iliz a tio n  procedure a fte r co rrec ting  fo r the e ffe c t o f  the 
de tergents on the measurement as presented in F ig . 3 -6 .
Im m unoelectrophoresis o f the s o lu b ilize d  plasma membrane
ag a in s t a n ti-(p la sm a  membrane) g lo b u lin  was carried  ou t as 
described  in "M a te r ia ls  and M e th o d s ". At leas t n ine 
p re c ip ita tio n  lin e s  were de tected  when the plate was sta ined fo r 
pro te in  (F ig . 3 -7 a ). The presence o f an tibod ies  aga ins t plasma 
membrane enzymes w as dem onstrated by h is to che m ica l s ta in in g  
o f the w e t g e l.  5 '-N u c le o tida se  a c t iv ity  was found in tw o c lo s e ly  
spaced p re c ip ita tio n  lin e s  (F ig . 3 -7 b ). ATPase a c t iv ity  was 
found in s ix  p re c ip ita tio n  lin e s  (Fig . 3 -7 c ) ;  three o f these lin e s  
were found to  be assoc ia ted  w ith  both L - le u c y l-$ -n a p h th y la m id a s e  
and a lk a lin e  phosphatase a c t iv it ie s  (F ig . 3~7d/ e ).
Im m unoelectrophoresis p la tes o f s o lu b iliz e d  plasma membrane aga ins t 
a n ti-(p la sm a  membrane) g lo b u lin . In  a l l  cases about 0 .2  mg o f the 
s o lu b iliz e d  plasma membrane pro te in  was e lectrophoresed a t 4 ° fo r 
6 hours at about 4 m A /p la te  in 0 .044  M -b a rb ito n e  b u ffe r, pH 8 .6 .
The unp rec ip ita ted  pro te ins were washed o ff w ith  2.5%  N aC l and the 
p la tes  were: -
a) Stained d ry , fo r p ro te in  w ith  Coom assie B r ill ia n t b lue R.
’ N ine p re c ip ita tio n  lin e s  are detected-.
b) Stained w e t, fo r 5 ‘ -n u c le o tid a se  a c t iv ity  w ith  AMP as substra te  
by the method o f E l-A aser e t a I . (1973). Two a c tive  lin e s  w ith  
the same m o b ility  were v is ib le  im m ed ia te ly  a fte r s ta in in g .
c) Stained w e t, fo r  nuc leos ide  triphospha tase  by the method o f 
E l-A aser et a l .  (1973) w ith  ATP as s u b s tra te . S ix a c tive  
p re c ip ita te s  are seea-
d) Stained w e t, fo r  L -le u cy l-3 ~ n a p h th y la m id a se  by the method o f 
Gomori (1954) w ith  L - le u c y l-6 -n a p h th y la m id e  as su b s tra te .
Three e n zym a tica lly  a c tive  p re c ip ita tio n  lines  are seen.
e) Stained w e t, fo r  a lk a lin e  phosphatase by the method o f Gom ori 
(1951) w ith  so d iu m -a -n a p h th y l phosphate as su b s tra te . Three 
a c tive  p re c ip ita te s  are seen. The fa in t lin e  w h ich  appears at 
the edge o f the s lo t is  due to  the th ic k  p re c ip ita tio n  lin e  shown 
in (a) and is  not an a lk a lin e  phosphatase a c tive  lin e .

3 : 3) IM M UNO LO G ICAL CHARACTERIZATION OF THE MATERIAL 
EXTRACTED BY 0 .15  M -N a C l AND 0 .2  M -N aH C O s
The m a te ria l extracted  from our plasma membrane preparation 
during  the w ash ing  procedure was characte rized  im m uno log ica lly  
by O uch te rlony double d if fu s io n  and by Im m unoe lec trophores is . 
Both the 0 .15  M -N a C l and the 0 .2  M -N aH C O ^ e x tra c ts  were 
concentra ted up to  about 2 5 m g /m l prote in  and an a liq u o t o f the 
concentra te  was a llow ed  to  d iffu s e  aga ins t a n t i- ( ra t serum), 
a n t i- ( c e l l  c y to so l) and a n ti-(p la sm a  membrane) a n tis e ra . Th is 
experim ent was used to  e lu c id a te  tw o p o in ts , f i r s t  w hether the 
0 .15  M -N a C l and 0 .2  M -N aH C O ^ washes removed id e n tic a l 
p ro te ins from the iso la te d  plasma membrane, second w hether the 
th ree  an tise ra  con ta in  an tibod ies  to  the same components o f the 
two w ash e s .
The re su lts  presented in F ig . 3 -8  show th a t both washes 
con ta in  m a te ria ls  th a t are capable o f re ac ting  w ith  a ll  o f the three 
a n tis e ra . O bserva tions deduced from the pattern formed by both 
washes aga ins t a l l  th ree an tise ra  were summarized in Table 3 -5 .  
For conven ience , the lin es  formed by both washes aga ins t a n t i-  
(ra t serum), a n t i- ( c e l l  cy to so l) and a n ti-(p la sm a  membrane) are 
designated as N , C and P lin es  w ith  a subscrip t w h ich  in d ica te s
F ig .  3 .8
O uch te rlony  double d if fu s io n  p la tes  o f the concentrated m a te ria l 
ex trac ted  by 0 .15  M -N a C l and 0 .2  M -N a H C 0 3 aga inst
a) A n ti- ( ra t serum) antiserum  (A/S)
b) A n t i- ( l iv e r  c e ll cy to so l) antiserum  (A/C)
c) A n t i- ( l iv e r  plasma membrane) antiserum  (A /P M ).
In  the ou ts ide  w e lls  an a liq u o t con ta in ing  about 14 mg p ro te in  was 
placed o f:~
1) 0 .15  M -N a C l e x tra c t
2) 0 .2  M -N a H C 0 3 e x tra c t
3) liv e r  c e ll c y to so l
4) ra t serum .
In  a l l  cases d if fu s io n  and p re c ip ita tio n  was a llow ed  to  proceed fo r 
48 hours at room tem pera tu re . The unp rec ip ita ted  pro te ins were 
washed o ff w ith  2.5%  N aC l and the d ry  p la tes were s ta ined  fo r p ro te ins 
w ith  Ponceau S.
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the pos itio n  o f the line  re la t iv e  to  the antigen w e l l .  A problem 
in in te rp re ting  these re s u lts  is  caused by the form ation o f 
p re c ip ita tio n  lin e s  by c e ll c y to so l aga ins t a n t i- ( ra t serum) antiserum  
(F ig . 3 -8 a ). Th is w ould ind ica te  th a t our cy to so l preparation 
con ta ins  m a te ria l th a t is  homologous to  ra t serum p ro te in s , hence 
one w ould expect th a t our a n ti- (c y to s o l)  preparation con ta ins  
an tibod ies  aga ins t such p ro te in s . Th is brings the p o s s ib ili ty  th a t 
the p re c ip ita tio n  lin es  (C ^ , C  ^ and C^) formed by both washes 
a ga ins t a n t i- ( c e l l  cy to so l) (F ig . 3 -8b) do not n e ce ssa rily  represent 
c y to s o l p ro te in s , but are due to the presence o f serum p ro te in s .
For conven ient presenta tion  o f the re su lts  shown in F ig . 3 -9  
the p re c ip ita tio n  lines  formed aga ins t a ll  three an tisera  by 0 .15  M -  
N aC l wash were designated as the "S" lin es  and those formed by 
0 .2  M -NaHCO g wash as the "B" lines  w ith  a subscrip t w h ich  
ind ica tes  the po s itio n  o f the p re c ip ita tio n  line  re la t iv e  to  the 
an tigen  w e l l .  B r ie fly  F ig . 3 -9a  shows th a t the m a te ria l ex trac ted  
by 0 .15  M -N a C l forms three lines  aga ins t a n t i- ( ra t serum ), three 
lin e s  aga inst a n t i- (c e l l  c y to s o l) , and tw o lines  aga inst a n t i-  
p la sm a  membrane) a n tis e ra . A s lig h t ly  d iffe re n t pattern was 
ob ta ined from d iffu s io n  o f 0 .2  M -N aH C O ^ w ash aga ins t a l l  three 
an tise ra  (F ig . 3 -9 b ). Four lines  were formed aga ins t a n t i- ( ra t  
serum ), f iv e  lines  aga ins t a n t i- ( c e l l  cy to so l) and tw o lin e s  a ga in s t 
a n ti-(p la sm a  membrane) a n tis e ra . Com parison o f the p re c ip ita tio n  
lin e s  formed by both washes aga ins t the three a n tise ra , shown 
in F ig . 3 -9 , is  presented in Table 3 -6 .
"S
O
O uch te rlon y  double d iffu s io n  p la tes  of the m a te r ia l e x tra c te d  by 
0 .1 5 M -N a C l (SW) and 0 .2M -N aH C O 3 b u ffe r  (BW) aga inst a n t i - ( l iv e r  
p lasm a  m em brane) (4), a n t i- (c e l l  cy toso l) (2) and a n t i- ( r a t  se ru m ) 
(1) a n tis e ra .
W e lls  3, 6 and 5 conta in  1: 5 d ilu tio n  of (4), (2) and (1) re s p e c tiv e ly . 
D iffu s io n  and p re c ip ita t io n  was a llow ed  to p roceed  fo r  48 hours  at 
ro o m  te m p e ra tu re  and the u n p re c ip ita te d  p ro te in s  w ere  washed o ff 
w ith  2.5% N aC l. The d ry  p la tes  w ere  sta ined  fo r  p ro te in s  w ith  
Ponceau S. Both of the 0.15 M -N a C l and 0.2 M -N a H C 0 3 e x tra c ts  
w ere  concen tra ted  so tha t an a liq u o t con ta in ing  about 14 mg p ro te in  
could be p laced in  the w e lls .
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A problem in comparing the re su lts  presented in Table 3 -5  
w ith  th a t in Table 3 -6  is  caused by the presence o f f iv e  p re c ip ita tio n  
lin e s  formed by 0 .2  M -N aH C O ^ wash aga ins t a n t i- (c e l l  cy to so l)
(F ig . 3 -9 b ), w h ile  o n ly  three were de tected  in F ig . 3 -8 b . H ow ever, 
by com paring the po s itio n  o f the line  re la t iv e  to the an tigen w e ll 
and the cross reac tion  between the d iffe re n t an tisera  it  is  poss ib le  
to  say tha t p re c ip ita tio n  line :
is  e qu iva le n t to  and .
'■Ng is e qu iva le n t to  w h ich  is m iss ing  in the pattern .
o f 0 .1 5  M -N a C l.
Ng is  e qu iva len t to / B^ and •
, is  e q u iva len t to and B ^ .
CL is e qu iva le n t to Sc and Br .2 o o
P_ is e qu iva le n t to Sr and Bn .
I  o 6
Th is w ould ind ica te  th a t a t lea s t s ix  components were 
extrac ted  from our plasma membrane preparation by 0 .15  M -N a C l 
and 0 .2  M -N aH C O ^ w ashes . One com ponent, found in  both 
e x tra c ts  a t the same concen tra tion  (lin e  1 above), reacts  w ith  a l l  
three a n tis e ra . Three com ponents, present in both e x tra c ts  but 
a t d if fe re n t concen tra tions  (lin es  2 ,3  and 4) are common to  ra t 
serum and c e ll c y to s o l, besides tw o components w h ich  are genuine 
cy to s o l and plasma membrane pro te ins re s p e c t iv e ly . The c y to s o l 
p ro te in  appears to  be more concentra ted in the 0 .15  M -N a C l 
e x tra c t, whereas the genuine plasma membrane prote in  present in 
both e x tra c ts  a t the same .co n ce n tra tio n .
The m a te ria l ex trac ted  by 0 .15  M -N a C l and 0 .2  M -N aH C CLO
washes were fu rth e r exam ined by im m unoelectrophoresis a ga ins t the 
three a n tis e ra . The pattern formed by both e x trac ts  a ga in s t a n t i-  
(rat serum) and a n t i- (c e l l  cy to so l) an tise ra  (F ig . 3-10) shows tw o 
p re c ip ita tio n  lines  corresponding to  pro te ins m ig ra ting  at about the 
po s itio n  o f a lbum in and p -g lo b u lin . F ig . 3-11 shows th a t a t lea s t 
s ix  p re c ip ita tio n  line s  cou ld  be de tected  on im m unoelectro phoresis 
o f e ith e r e x tra c t aga ins t a n ti-(p la sm a  membrane) an tise rum . Three 
are n e g a tive ly  charged p ro te in s , one is  found in the y -g lo b u lin  reg ion  
beside tw o  rem ain ing  a t the o r ig in . Exam ination o f F ig . 3-11 shows 
th a t the tw o lin es  formed by the e x tra c ts  aga ins t a n t i- ( ra t serum) are 
con tinuous w ith  tw o o f the lin e s  th a t were formed aga ins t a n ti-(p la sm a  
membrane) an tise rum .
The re s u lts  presented above showed th a t the m a te ria l from the 
0 .15  M -N a C l wash reacted more s tro n g ly  w ith  a n t i- ( c e l l  cy to so l) than 
w ith  a n t i- ( ra t serum) an tise rum . The m a te ria l extracted  by 0 .2  M~ 
NaHCOg bu ffe r reacted more s tro n g ly  w ith  a n t i- ( ra t  serum) than w ith  
a n t i- ( c e l l  c y to s o l) . The exten t o f  re a c t iv ity  aga ins t a n ti-(p la sm a  
membrane) was found to  be a lm ost e q u a l.
By the methods described  in th is  sec tion  i t  was p o ss ib le  to 
exam ine the m a te ria l ex trac ted  by both w ashes from the iso la te d  plasma 
membranes. I t  is  d i f f ic u lt  to  examine the in so lu b le  part o f the membrane 
by a p p lica tio n  o f the same te ch n iq u e s . Therefore an a lte rn a tiv e  quan­
t i ta t iv e  method was developed to examine the an tigens th a t are common 
to l iv e r  c e ll plasma membrane and ra t serum as w i l l  be de scribed  in the 
fo llo w in g  s e c tio n .
sw O
A /S
BW  O
A /C
SW O
Im m u n o e le c tro p h o re s is  p la te  of the m a te r ia l e x tra c te d  by 0.15 M -N a C l 
(SW) and 0.2 M -N a H C 0 3 (BW) a ga ins t a n t i - ( r a t  se rum ) (A /S )  and a n t i-  
( l iv e r  c e ll cy to so l) (A /C )  a n tis e ra . In a l l  cases 7 p l of the e x tra c t 
con ta in ing  about 0.3 mg p ro te in  was e le c tro p h o re se d  fo r  2 hou rs  a t 
about 10 V /c m  a c ro ss  the p la te  in  0.044 M -b a rb ito n e  b u ffe r , pH 8.6 
a t ro o m  te m p e ra tu re . The a n tis e ru m  was added im m e d ia te ly  and 
a llow ed  to  d iffu se  fo r  48 hours  a t ro o m  te m p e ra tu re . The u n p re c ­
ip ita te d  p ro te in s  w ere  washed o ff w ith  2.5% N aC l and the d ry  p la te  
was s ta ined  fo r  p ro te in  w ith  Ponceau S.
Im m u n o e le c tro p h o re s is  p la te , s ta ined  fo r  p ro te in s  w ith  Ponceau S, 
of the  m a te r ia l rem oved  f ro m  the is o la te d  p lasm a m em brane  by 
w ash ing w ith  0.15 M -N a C l (SW) and 0.2 M -N aH C O ^ (BW) aga ins t 
a n ti- (p la s m a  m em brane) (A /P M )  and a n t i- ( r a t  se rum ) (A /S ) a n tis e ra . 
F o r  im m u n o e le c tro p h o re s is  cond ition s  see F ig  3-10.
3 : 4) ANTIGENIC GROUP COMMON TO LIVER PLASMA 
MEMBRANE AND RAT SERUM
The presence o f an tigens common to  ra t serum and liv e r  
plasma membrane was examined using flu o re sce in -la b e lle d  a n t i-  
(rat serum) and iso la te d  ra t l iv e r  plasma membranes. In  the e a rly  
part o f th is  in v e s tig a tio n , ra b b it a n t i- ( ra t serum) was purchased 
from W ellcom e Reagents L td . The g lo b u lin  fra c tio n , 
separated from the w hole serum, was labe lled  w ith  flu o resce in  
iso th iocyana te  (FITC) as was described in Chapter 2 . In  an 
in i t ia l  t r ia l  experim ent l iv e r  plasma membranes, iso la ted  
accord ing  to  the method o f H in ton  et ad. (1970), were fixe d  to  a
t
m icrosco p ic  s lide  w ith  acetone and a llow ed to  react w ith  the 
f lu o re sce in -la b e lle d  a n t i- ( ra t  serum) g lo b u lin  a t 3 7° fo r 30 m inu tes 
and then washed w ith  p h ys io lo g ica l phosphate buffered sa lin e  (PBS). 
Exam ination o f the membranes in a fluo rescence  m icroscope showed 
th a t a sm a ll amount o f the flu o re sce in -la b e lle d  an tibod ies  had 
bound to  the membranes. Th is ind ica ted  th a t a n tl- ( ra t serum) 
g lo b u lin  conta ined an tibod ies  aga ins t p ro te ins w h ich  are exposed on 
the surface o f the iso la te d  plasma membrane.
The degree o f re a c t iv ity  o f the iso la ted  plasma membrane and 
a n t i- ( ra t  serum) g lo b u lin  was then examined q u a n tita t iv e ly  by 
incubating  the iso la te d  plasma membrane w ith  the flu o re sce in -
labe lled  a n t i- ( ra t  serum) at 37° fo r 30 m inu tes . Loose ly  bound 
m a te ria l was removed by w ash ing the membrane w ith  PBS, as 
described  in C hapter 2 , and the fluo rescence  in te n s ity  o f 
the p e lle t,  resuspended in PBS, was measured at 520 nm w ith  
e x c ita tio n  at 494 nm . W hen increasing  amounts o f the iso la ted  
membrane were incubated w ith  a fixed  amount o f flu o re s c e in - 
TabeLied a n t i- ( ra t serum ), the fluo rescence  in te n s ity  o f the plasma 
membrane p e lle t increased as the amount o f the membrane prote in  
was increased (F ig . 3 -1 2 a ). D uring these experim ents i t  was 
no ticed  th a t the suspension o f the plasma membrane p e lle t possessed 
some tu rb id ity  w h ich  m igh t render the fluo rescence  in te n s ity  
measurement re la t iv e ly  ina ccu ra te . A dd ition  o f sodium d e oxy - 
cho la te  (DOC) to  a f in a l concen tra tion  o f 1% in the assay medium 
produced a lm ost a c lea r so lu tio n  and about fou r-fo ld  increase in 
the fluo rescence  in te n s ity  o f the membrane suspension (F ig .3 -1 2 a ), 
there fore  it  was used ro u tin e ly  in  a ll  fu rth e r experim ents .
To account fo r any endogenous flu o resce n ce , tis su e  b lank was 
introduced by s u b s titu tin g  PBS fo r the labe lled  a n t i- ( ra t  serum ).
At the e x c ita tio n  w ave leng th  used, no fluo rescence  was de tected  
in the tis s u e  b lanks so prepared.
The re su lts  presented above ind ica te  th a t the amount o f 
a n ti- ( ra t serum) p ro te ins bound to  the membrane is  l in e a r ly  
p roportiona l to  the amount o f plasma membrane present in the 
assay m edium . In  fu rth e r experim ents the e ffe c t o f changing the
(a) Amount o f f lu o re s c e in - la b e lle d  a n t i- ( ra t  serum) im m unoglobu lin  
(W ellcom e Reagents) bound as a fu n c tio n  o f the amount o f plasma 
membrane p ro te in .
In  each case 4 .6  mg o f the im m unoglobu lin  was incubated w ith  the 
membrane p ro te in  fo r 30 m inutes a t 3 7 °C . A fte r rem oving the loosely- 
bound m a te r ia l, the membranes were resuspended in 3 m l PBS and the
fluo rescence  measured a t 520 nm w ith  e x c ita tio n  a t 494 n m *  x ,
and a fte r the a d d itio n  o f DOC to  a f in a l concen tra tion  o f 1% in the 
assay m edium *— *  .
(b) B inding o f f lu o re s c e in - la b e lle d  a n t i- ( ra t  serum) im m unoglobu lin  
(W ellcom e Reagents) to  plasma membrane as a fu n c tio n  o f the 
amount o f im m unoglobu lin  added.
In  a l l  cases an a liq u o t con ta in in g  0 .7  mg o f the plasma membrane 
pro te in  was incubated w ith  the flu o re s c e in -la b e lle d  a n t i- ( ra t  serum) 
im m unoglobu lin  fo r  30 m in a t 3 7 °C . The lo o se ly  bound m a te ria l was 
washed o f f  w ith  PBS and the membranes were resuspended in 3 m l PBS. 
The fluo rescence  in te n s ity  a t 520 nm w ith  e x c ita tio n  a t 494 nm was 
measured a fte r the a d d itio n  o f DOC to a f in a l concen tra tion  o f 1% in 
the  assay m ed ium .
(c) F luorescence in te n s ity  o f the im m unoglobulin , prepared from the 
a n t i- ( ra t serum) purchased from W ellcom e Reagents, as a fu n c tio n  
o f the prote in  co n cen tra tio n .
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amount o f a n ti- ( ra t serum) was examined by incuba ting  a fixe d  
amount o f plasma membrane pro te ins (0 .7  mg) w ith  an increas ing  
amount o f flu o re sce in -la b e lle d  a n ti- { ra t serum ). I t  was found 
th a t the fluo rescence  in te n s ity  measured increased lin e a r ly  u n til 
i t  reached an approx im ate ly  constan t v a lu e , presum ably corresponding 
to sa tu ra tion  o f a l l  a v a ila b le  b ind ing  s ite s  o f the membrane. The 
•plasma membranes were found to  saturate when about 25 mg o f 
the flu o re sce in -la b e lle d  a n t i- ( ra t  serum) g lo b u lin  was incubated 
w ith  0 .7  mg plasma membrane p ro te ins (F ig . 3-1 2 b ). The 
fluo rescence  in te n s ity  o f the membranes trea ted  w ith  labe lled  
a n t i- ( ra t  serum) a t the sa tu ra tion  po in t was compared w ith  th a t o f 
standard so lu tio n s  o f flu o re sce in -la b e lle d  a n ti- ( ra t serum) (F ig . 3 -1 2 c ). 
I t  was found th a t o n ly  about 0 .15  mg o f  a n ti- ( ra t serum) g lo b u lin s  
were bound per mg pro te in  o f the iso la te d  plasma membrane. Under 
the same c o n d itio n s , o n ly  0 .04  mg o f non-im m une g lo b u lin s  were 
bound per mg membrane p ro te in . These re su lts  ind ica te  th a t about 
0.4% o f the pro te in  in the g lo b u lin  fra c tio n  was capable o f b ind ing  
to  the membranes.
L a te r, du ring  th is  in v e s tig a tio n , ra b b it a n ti- ( ra t serum) was 
purchased as g lo b u lin  fra c tio n  from M erc ia  L td .(U .K .)  to  cu t down 
the tim e spent in  the separation  o f the g lo b u lin  fra c tio n  from the 
w ho le  serum as obta ined from W ellcom e Reagents. W hen some o f the 
experim ents described above were repeated,m ore a n tibo d ies  were 
found to  be capable o f b ind ing  to  the membrane than w ith  the
W ellcom e an tise rum . Therefore the w hole series o f experim ents 
were repeated e x a c tly  as above . The re su lts  presented in 
F ig . 3 -13a  show th a t the ex ten t o f b ind ing  o f the f lu o re s c e in - 
lab e lle d  a n t i- ( ra t serum) w ith  the iso la ted  plasma membrane is 
enhanced by about 35% (compare w ith  F ig . 3 -1 2 a ). H ow ever, 
the amount o f a n t i- ( ra t serum) pro te ins bound to  the membrane is 
s t i l l  lin e a r ly  p roportiona l to  the amount o f the.membrane pro te in  
present in the assay m edium . The e ffe c t o f changing the amount 
o f a n t i- ( ra t  serum) was a lso  s tu d ie d , and as was expected the 
fluo rescence  in te n s ity  measured increased lin e a r ly  u n t i l  i t  is  
approx im ate ly  constan t (F ig . 3 -1 3 b ) . Saturation o f a l l  a va ila b le  
b ind ing  s ite s  o f the plasma membrane was achieved when about 
17 mg o f the lab e lled  antiserum  g lo b u lin  was incubated w ith  0 .7  mg 
membrane p ro te in . M easurem ent o f the fluo rescence  in te n s ity  
o f standard so lu tio n s  o f the flu o re s c e in -la b e lle d  antiserum  g lo b u lin  
(F ig . 3 -13c) showed th a t about 0 .17  mg o f the antiserum  g lo b u lin s  
were bound per mg plasma membrane. Th is ind ica te s  th a t about 
1% o f the antiserum  g lo b u lin  was capable o f b ind ing  to  the iso la te d  
membrane.
o
The re su lts  presented above dem onstrate th a t the iso la te d  
plasma membrane is  showing d iffe re n t b ind ing  ca p a c ity  tow ards 
the tw o an tise ra  used. Th is cou ld  be a ttr ib u te d  to the p o s s ib il i ty  
tha t the tw o an tise ra  used are show ing d iffe re n t an tibody  re a c t iv ity .  
To examine the p o s s ib ili ty  tha t the tw o a n t i- ( r a t  serum) g lo b u lin
F ig .  3 .13
(a) Amount o f f lu o re s c e in - la b e lle d  a n t i- ( ra t  serum) im m unoglobulin  
(M erc ia  L td .)  bound as a fu n c tio n  o f the amount o f plasma membrane 
p ro te in .
In  a l l  cases 4 .6  mg o f the im m unoglobu lin  was incubated w ith  the 
membrane pro te in  fo r 30 m inutes a t 3 7 °C . A fte r rem oving the loosely- 
bound m a te r ia l, the membranes were re suspended in 3 m l PBS and the 
fluo rescence  measured a t 520 nm w ith  e x c ita tio n  a t 494 nm in the presence 
o f 1% f in a l concen tra tion  o f DOC in the assay m ed ium .
(b) B inding o f f lu o re s c e in - la b e lle d  a n t i- ( ra t  serum) im m unoglobulin  
(M erc ia  L td .)  to  plasma membrane as a fu n c tio n  o f the amount o f 
im m unoglobulin  added.
In  a l l  cases an a liq u o t con ta in ing  0 .7  mg o f the membrane p ro te in  was 
incubated w ith  the f lu o re s c e in - la b e lle d  a n t i- ( ra t serum) im m unoglobu lin  
fo r  30 m inutes a t 3 7 °C . The lo o se ly  bound m a te ria l was washed o ff  
w ith  PBS and the membranes were resuspended in 3 m l PBS. The 
fluo rescence  in te n s ity  a t 520 nm w ith  e x c ita tio n  a t 494 nm was measured 
a fte r the a d d itio n  o f DOC to a f in a l concen tra tion  o f 1% in the assay m ed ium .
(c) F luorescence in te n s ity  o f the f lu o re s c e in - la b e lle d  a n t i- ( ra t  serum ), 
purchased as the g lo b u lin  fra c tio n  from M erc ia  L t d . , as a fu n c tio n  
o f the pro te in  co n cen tra tio n .
Fig 3.13
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con ta ined  d if fe re n t amounts o f a n tib o d ie s , the ant is era were tes ted  
ag a in s t normal ra t serum by the Im m unoelectrophoresis m ethod.
F ig . 3 -14  shows th a t the a n t i- ( ra t serum) purchased from M erc ia  Ltd 
produced more p re c ip ita tio n  lin e s  as compared to  the lin e s  formed 
by the antiserum  obta ined from W ellcom e Reagents. Th is  in d ica te s  
th a t the amount o f an tibod ies  aga ins t ra t serum prote in  th a t are 
present in the form er antiserum  is  more than tha t in the la t te r .
Hence one w ould suggest th a t the tw o an tise ra  should show 
d iffe re n t a c t iv ity  tow ards our plasma membrane p repa ra tion .
The re su lts  presented in F ig .3 -12  and 3-13 are co n s is te n t w ith  
th is  suggestion , and consequen tly  M e rc ia  a n ti-(ra t serum) g lo b u lin  
was used in a l l  fu rth e r experim ents .
From these re su lts  there w ould  seem to  be a cons ide rab le  
number o f an tigens common to  ra t serum and plasma membrane 
iso la te d  from ra t l iv e r .  A lthough plasma membranes used in these 
experim ents were prepared from perfused l iv e rs , ye t in  any 
perfus ion  process a cons iderab le  amount o f blood is  le f t  in  the 
liv e r ,  so th a t absorbed serum prote ins may contam inate the 
iso la ted  membranes. The re s u lts  presented e a rlie r (se c tion  3:3) 
show th a t w ashing the iso la ted  plasma membrane s u c c e s s iv e ly  w ith  
0 .15  M -N a C l and 0 .2  M -b ica rbona te  b u ffe r, pH 9 .0  removes 
serum and c y to so l prote in  from our plasma membrane p re pa ra tio ns . 
There fore , to avo id  the p o s s ib ili ty  th a t the re su lts  presented above 
a re .m a in ly  due to m a te ria l con tam ina ting  our plasma membrane
Im m u n o e le c tro p h o re s is  p la te , s ta ined fo r  p ro te in s  w ith  Ponceau S, 
of r a t  se ru m  aga ins t a n t i- ( r a t  se rum ) obta ined:
a) f ro m  M e rc ia  L td .
b) f ro m  W e llcom e  Reagents L td .
In a l l  cases an a liq u o t of ra t  se ru m  was e le c trp h o re se d  fo r  2 hours  
a t about lO V /cm  a c ro ss  the p la te  in  0.044 M -b a rb ito n e  b u ffe r , pH 8. 6 
a t ro o m  te m p e ra tu re . The a n tis e ra  was added im m e d ia te ly  and 
a llow ed  to  d iffu se  fo r  48 hours  a t room  te m p e ra tu re . The u n p re c ­
ip ita te d  p ro te in s  w ere  washed o ff w ith  2.5% N aC l and the d ry  p la te  
was s ta ined fo r  p ro te in s .
p repara tion , the experim ents were repeated using plasma membrane 
washed w ith  0 .15  M -N a C l and 0 .2  M -b ica rbona te  b u ffe r. The 
re s u lts  presented in Table 3-7 show th a t the proportion o f a n ti- ( ra t 
serum)-binding m a te ria ls  removed from the membrane during the 
w ash ing procedure is  about the same as the proportion o f the to ta l 
membrane prote in  w h ich  is  s o lu b iliz e d . The washed plasma 
•membrane s t i l l  re ta in  about 70% o f its  a n ti- ( ra t serum) b ind ing  
m a te r ia l.
Table 3 -7  : Percentage o f m a te ria l removed by w ashing the 
iso la te d  plasma membrane su cce ss ive ly  w ith  
0 .15  M -N a C l and 0 .2  M -b ica rbona te  b u ffe r, pH 9 .0 .
The re su lts  are g iven  as means + standard d e v ia tio n  
fo llo w e d  by number o f observa tions (in  parentheses).
% o f m a te ria l recovered in
0 .15  M -N a C l 0.2 M -b ica rb ona te  W ashed
W ash ______ W ash______  membrane
Prote in 6 .62 + 1 .1 (10) 27 .5  + 2 .6 (10) 67 .1 + 1 .4  (10)
A n ti-(ra t serum )- 67.62 + 1 .3 (4)
b ind ing  m a te ria l______       _ _ _ _ _
The re s u lts  are g iven  as percentage o f the  fluo rescence  in te n s ity  o f 
p ro te in  found in membrane stored in 0 .15  M -N a C l a t 4°C  during  the 
48 hours required fo r the  w ash ing  procedure. A n ti- ( ra t serum )- 
b lnd ing  m a te ria l was determ ined on a liq u o ts  co n ta in ing  0 .7  mg 
membrane p ro te in , washed w ith  0 .15  M -N a C l and 0 .2  M -b ica rb o na te  
b u ffe r, pH 9 .0  as described  in Table 3 -3 .
The washed membranes were incubated w ith  20 mg o f the flu o re s c e in -  
la b e lle d  a n t i- ( ra t serum) g lo b u lin  fo r 3 0 m in a t 37°C  as described  in 
F ig . 3 -1 3 b .
From the experim ents described  above i t  was concluded th a t 
the a n tige n ic  components common to  ra t serum and liv e r  plasma 
membrane are not an a r t ifa c t due to  the iso la tio n  procedure, but 
the y  are f irm ly  assoc ia ted  w ith  the membrane. Among these 
a n tige n ic  components may be pro te ins re leased in v iv o  from 
the liv e r  c e ll membrane in to  the c irc u la tin g  f lu id .  In  a 
• p re lim ina ry  experim ent to id e n tify  the  antigens common to  ra t 
serum and liv e r  plasma membrane, a n t i- ( ra t  serum) was absorbed 
e x te n s iv e ly  w ith  plasma membrane washed w ith  0.. 15 M -N a C l 
and 0 .2  M -b ica rb ona te  b u ffe r. Com parison o f the im m uno- 
e lec trop ho res is  pattern formed by ra t serum aga inst absorbed 
a n t i- ( ra t  serum) w ith  the pattern aga ins t unabsorbed a n t i- ( ra t  
serum) ind ica ted  th a t the an tibod ies  removed by th is  absorp tion  
procedure m a in ly  correspond to  serum prote ins w hich  m igra te  
in the ^ -g lo b u lin  reg ion  (F ig . 3 -1 5 ). M oreover, a n ti-(p la s m a  
membrane)/ ra ised  aga ins t the membrane "c o re " , i . e .  plasma 
membrane washed w ith  0 .15  M -N a C l and 0 .2  M -b ica rb ona te  
b u ffe r, showed a cons iderab le  rea c tion  when tested  a ga ins t 
ra t serum (F ig . 3 -1 6 a ). Th is was la te r used as a te s t fo r the 
s trength  o f the a n ti-(p la sm a  membrane) prepared. Immuno­
e lec tropho res is  o f ra t serum aga ins t a n ti-(p la sm a  membrane) 
us ing  Agar N o. 2 in 0 .044 M  barb itonebu ffe r, pH 8 . 6 , showed 
the presence o f a t lea s t e igh t p re c ip ita tio n  lin es  represen ting  
the common p ro te in s . Four o f these pro te ins were n e g a tiv e ly  
charged, tw o were p o s it iv e ly  charged, besides two pro te in  s ta y in g
+
o whole serum
L i
0 whole serum
L 1
o |  diluted serum
1 1
0 }  diluted serum
1 J
o whole serum
Immunoelectrophoresis plate of rat serum against anti-(rat serum) 
and that absorbed with liver plasma membrane. (1) Whole anti-(rat 
serum). (2) Absorbed anti-(rat serum) with plasma membrane then 
concentrated up to the same original volume used before absorption. 
(3) Whole anti-(rat serum) diluted one to three. (4) Absorbed anti- 
(rat serum) diluted one to three. Electrophoresis was performed 
in 0.044 M-barbitone buffer, pH 8.6 for 2 hours at 10 V/cm across 
the plate. The unprecipated proteins were washed off with 2.5% 
NaCl and the dry plate was stained for proteins with Ponceau S.
at the o r ig in  (F ig . 3 - 16b). An attempt was then made to 
separate the proteins common to rat serum and i ive r  plasma 
membrane by a f f in i ty  chromatography on immobilised a n ti- (p lasm a  
membrane) as w i l l  be described in the fo l lo w ing  sec t ion .
Fig 3-16
(a)
^  ©  
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(b)
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—  1 A/PM
(a) Ouchterlony double diffusion plate of rat serum (S) against anti - (plasma 
membrane) antiserum. Wells 1, 2, 3 and 4 contain antisera obtained from 
four different rabbits respectively. Well 5 contain anti-(plasma membrane) 
globulin pooled from rabbit 1 and 2.
(b) Immunoelectrophoresis plate of rat serum against pooled anti-(plasma 
membrane) (A/PM) stained for proteins with Coomassie Brilliant blue R. 
For electrophoresis conditions see Fig 3-15.
3 : 5) SEPARATION OF SERUM PROTEINS HOMOLOGOUS
TO LIVER PLASMA MEMBRANE
Before the serum cou ld  be frac tio n a te d  by a f f in ity  
chrom atography, i t  was necessary to  im m ob ilise  the an tibo d ies  
by Linking them to  a su ita b le  m a tr ix . Im m obilised  an tibo d ies  
were prepared accord ing to  the method o f C uatrecasas et a L  (1968) 
as described in Chapter 2 "M a te r ia ls  and M e th o d s ". P ro te ins 
not co va le n tly  linked  to  the cyanogen bromide ac tiva ted  
Sepharose 4B were removed by w ashing e xh a u s tive ly  w ith  
0 .15  M “ N a C l. W hen w ash ing was com plete the amount o f 
coupled prote in  was determ ined as the d iffe rence  between th a t 
recovered in the w ash ings and th a t o r ig in a lly  used. A ll 
p reparations th a t were ca rried  out resu lted  in the im m o b ilisa tio n  
o f a cons ide rab le  amount o f p ro te in  from the an tisera  used and 
Table 3 -8  shows th a t the amount bound was fu l ly  reproduc i . b le . 
The unreacted a c tive  groups o f the a c tiva te d  Sepharose 4B were 
b locked o ff  by washing the im m unoadsorbent, i . e .  Sepharose 4B- 
an tibod ies  con ju ga te , w ith  50 mM G ly c ln e -H C l b u ffe r, pH 2 .8  
ove rn igh t a t 4 °C . The immunoadsorbent was then exposed to  
a l l  e luen ts to  w h ich  the im m unoadsorbent-antigen com plex is  to  
be exposed .
To assess the m erits  o f th is  procedure in re ta in in g  the 
b io lo g ic a l a c t iv ity  o f the an tise ra  and to  e s ta b lis h  the exact
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co n d itio n s  fo r coup ling  and recovering  s p e c if ic  a n tig e n s , c y to so l 
and im m ob ilised  a n ti- (c y to s o l)  were used. A fte r incuba tion  at 
4 ^0  fo r va rious  periods o f tim e  the uncoupled cy to so l pro te ins 
were washed o ff  e x h a u s tive ly  w ith  0 .15  M -N a C l. A n a lys is  o f 
p ro te in  in the w ash ings showed th a t the amount o f cy to so l 
p ro te ins coupled to  the im m ob ilised  a n ti- (c y to s o l)  increases as 
the incuba tion  tim e was increased (F ig . 3 -1 7 a ). The best re su lts  
were obta ined when the incuba tion  tim e was extended to  24 h ou rs . 
The a va ila b le  an tibody  b ind ing  s ite s  thus appear to be saturated 
w ith  the corresponding a n tig e n s . The re s u lts  presented in 
Table 3 -9  show th a t most o f the c y to so l enzyme a c t iv it ie s  th a t 
were assayed , were assoc ia ted  w ith  the m a jo r ity  o f the p ro te ins 
th a t were coupled to  the a n t i- (c y to s o l)  con jugate  .
• ')
To recover the pro te ins coupled to  the im m ob ilised  a n t i-
(cy toso l),the  im m unoadsorbent-antigen com plexes were exposed
to  d iffe re n t s o lu t io n s , nam ely:
50 mM G ly c in e -H C l, pH 2 .8
3 M Sodium th io cya n a te , 50 mM phosphate, pH 6 
1 M  Prop ion ic a c id , pH 2 .5
2 .5  M  Magnesium c h lo r id e .
The e lu tio n  process was carried o u t, on separate co lum ns, using  
500 m l o f each e luen t a t 4 °C , and the e lu ted  fra c tio n s  were e ith e r 
d ia lyse d  aga ins t severa l changes o f 0 .15  M -N a C l ( 3 x 2  L; in  case 
o f magnesium ch lo rid e  and th iocyana te ) or neu tra lized  to  pH 7 .0
•o
J2
o  40
10 20
Incubation time, hours
1.0
0.5 -
-©
100 200
_ Eluent Vol., ml.
F ig  3-17
a) B in d in g  o f l iv e r  c e ll cy to so l to  a n t i- ( c e l l  cy to so l) conjugate as a fu n c tio n  
o f t im e . Im m o b ilis e d  im m u n o g lo b u lin  con ta in ing  about 60 m g p ro te in  was 
incuba ted  w ith  about 300 m g cy to so l p ro te in  a t 4 C in  0.15 M -N a C l. The 
s lu r r y  was then packed in  a 1.5 x  50 cm  co lum n and washed e x h a u s tiv e ly  
w ith  a 0.15 M -N a C l u n t i l  no p ro te in  was de tected  in  the w ash ing. The am oun t 
of p ro te in  bound to  the a v a ila b le  a n tibod ies  was d e te rm in e d  as the d if fe re n c e  
between the am ount incuba ted  and th a t re c o v e re d  in  the 0.15 M -N a C l w ash ings .
b) P a tte rn  ob ta ined , by the 280 nm  m ethod, of cy to so l p ro te in s  e lu te d  by 
2. 5 M -M g C l x k ; p ro p io n ic  ac id  a ©
F ra c tio n s  ob ta ined  by e lu tin g  w ith  p ro p io n ic  ac id  w e re  n e u tra liz e d  to  pH 7.0 
b e fo re  m easurem e n t.
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(in  case o f p rop ion ic  ac id  and g lyc in e  b u ffe r). Analyses o f 
Prote in and enzymes in the e lu ted  frac tio ns 'show ed  th a t each 
o f the fou r e luen ts  has the a b il i ty  to  d is s o c ia te  the a n tig e n - 
a n tibody  com plex to  a ce rta in  e x te n t. The best re su lts  were 
obta ined when 2 .5  M -M g C ^  was used as e luen t (Table 3 -1 0 ) . 
There fo re , 2 .5 M -M g C ^  was a fte rw ards used ro u tin e ly  as the 
e lu tin g  s o lu tio n , and e lu tio n  was carried  out u n t i l  no fu rth e r
pro te in  was de tected  in the e lu ted fra c tio n s  (F ig . 3 -1 7 b ).\
The re s u lts  presented above ind ica te  tha t the an tibo d ies  
co v a le n tly  bound to  the Sepharose 4B re ta in  th e ir  c a p a c ity  to  bind 
the corresponding a n tig e n s . The coupled antigens cou ld  be then 
detached by a method w h ich  d id  not d es troy  th e ir  enzyme a c t iv i t y .
To separate serum pro te ins common to  ra t l iv e r  plasma membrane, 
im m obilised  an ti-(p la sm a  membrane) was prepared by the method 
o f C uatrecasas et a_l. (1968) and trea ted  e x a c tly  as the im m ob ilised  
a n ti- (c y to s o l)  (Table 3 -8 ) .  In  p re lim ina ry  experim ents , 3 m l ra t 
serum co n ta in ing  35 m g /m l prote in  was m ixed w ith  the im m ob ilised  
a n ti-(p la s m a  membrane) at 4°C fo r va ry in g  periods o f t im e . The 
s lu rry  then packed in a 1 .5  x  50 cm colum n and the uncoupled 
serum pro te ins were washed o f f  w ith  0 .15  M -N a C l, and the 
pro te in  con ten t o f the w ash ings was de te rm ined . The d iffe re nce  
between the amount o f prote in  recovered in the w ash ings and th a t 
o r ig in a lly  incubated was considered as the amount o f p ro te ins  th a t 
bound to  the an ti-(p lasm a  membrane) a n tib o d ie s . From these
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experim ents , i t  was found th a t as the incuba tion  tim e was increased , 
increas ing  amounts o f serum pro te ins were bound to  the im m obilised  
a n tib o d ie s . The a va ila b le  an tibo d ies  were found to  b ind a l l  the 
common p ro te ins in ra t serum when the  incuba tion  tim e was extended 
up to  about 24 h ours . Th is  tim e was a fterw ards chosen fo r rou tine  
assays (F ig . 3 -1 8 ).
To determ ine the percentage o f prote ins in  ra t serum w h ich  
are common to ra t l iv e r  plasma membrane, about 100 mg ra t serum 
pro te in  was incubated w ith  the im m ob ilised  an ti-(p lasm a  membrane) 
a t 4°C  fo r  24 hours , and the s lu rry  then trea ted  e x a c tly  as above.
The re su lts  presented in Table 3 — 11 show th a t 4-5% o f ra t serum 
pro te ins are capable o f b ind ing  to  the an ti-(p .lasm a membrane) 
a n tib o d ie s . H ow ever, enzym ic ana lyses o f the 0 .15  M -N a C l 
wash showed th a t the serum enzymes th a t are o f in te re s t were 
m a in ly  recovered in the w ash ings. This ind ica te s  th a t those 
enzymes were incapab le  o f b ind ing  to  the a n ti-(p la sm a  membrane) 
an tibod ies  under these experim enta l co n d itio n s  .
La te r, the q u a n tity  o f ra t serum p ro te in , th a t was incubated 
w ith  the im m ob ilised  a n ti- (p la s m a  membrane) a n tib o d ie s , was 
increased g ra d u a lly  u n til a l l  the a va ila b le  an tibody b ind ing  s ite s  
appeared to  be sa tu ra ted . M a te ria l from ra t serum bound to  the 
im m ob ilised  an tibod ies  was then e lu ted  using a v a r ie ty  o f agents 
e x a c tly  as described in the experim ents w ith  l iv e r  c e ll c y to s o l.
The e lu ted  fra c tio n s  w ere , s im ila r ly ,  e ith e r d ia lyse d  a ga ins t
E 2.5
a
to
2010
Incubation time, hours
F ig  3-18
B in d in g  o f r a t  s e ru m  p ro te in  to  a n t i - ( l iv e r  c e ll p la sm a  m em brane ) con jugate  
as a fu n c tio n  of t im e . Im m o b ilis e d  im m u n o g lo b u lin  co n ta in ing  about 60 m g 
a n ti- (p la s m a  m em brane) p ro te in  was incuba ted  w ith  about 100 m g r a t  s e ru m  
p ro te in  a t 4° C in  0.15 M -N a C l. The s lu r r y  was then packed in  a 1.5 x  50 cm  
co lum n and washed e x h a u s tive ly  w ith  a 0.15 M -N a C l u n t i l  no p ro te in  was 
de tected  in  the w ash ing. The am ount o f p ro te in  bound to  the a v a ila b le  a n t i-  
(p lasm a m em brane ) an tibo d ies  was d e te rm in e d  as the d if fe re n c e  betw een the 
am ount incuba ted  and th a t re c o v e re d  in  the 0.15 M -N a C l w ash ing. >
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severa l changes o f 0 .15 M -N a C lo r ,  in the case o f p rop ion ic  
a c id , s im p ly  neu tra lized  to  pH 7 .0 .  Analyses o f p ro te in  in the 
e lu ted  fra c tio n s  (Table 3 -12) showed th a t the h ighes t recovery  
was obta ined when 2 .5  M -M g C ^  was used as the e lu e n t.
Enzymic a c t iv it ie s  cou ld  o n ly  be de tected  in the M gC l^  e lu a te .
These re su lts  are s im ila r  to  those obta ined in the t r ia l  experim ents 
w ith  c y to s o l and a n ti- (c y to s o l)  i . e .  in both cases the best 
re s u lts  were obta ined when 2 .5  M -M g C ^  was used. Therefore
2 .5  M -M g C lg  was a fte rw ards used ro u tin e ly  as the e lu t(ng  
s o lu tio n , and e lu tio n  was carried  out u n t il no fu rthe r p ro te in  was 
de tected  in the e lu ted  fra c tio n s  (Fig . 3 -1 9 ).
The p o s s ib ili ty  th a t some pro te ins may bind n o n -s p e c if ic a lly  
to  the im m ob ilised  a n ti-(p la sm a  membrane) a n tib o d ie s , as a re s u lt 
o f io n ic  in te ra c tio n , was examined by w ash ing the column 
con ta in ing  the immunoadsorbent and 'bound1 antigen w ith  
0 .5  M -N a C l p rio r to  e lu tin g  i t  w ith  2 .5 M - M g C ^ . A na lyses o f 
pro te in  in the 0 .5  M -N a C l e lua te  showed th a t a cons ide rab le  
amount o f m a te ria l was e lu ted  by th is  p rocess. An a d d itio n a l 
amount o f serum prote in  was a lso  e lu ted  when 2 .5  M -M g C ^  
was used as an e lu e n t. H ow ever, g rad ien t po lyacry lam ide  ge l e le c tro ­
phoresis o f the concentra ted m a te ria l recovered in the tw o  e lua te  
showed th a t both fra c tio n s  con ta in  id e n tic a l p ro te ins (F ig . 3 -2 0 ) .
Th is  suggests th a t there was h a rd ly  any n o n -s p e c if ic  b in d in g , and 
the m a te ria l recovered in both 0 .5 .M -N a C l ana 2 .5  Iv I-M g C ^
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P a tte rn  ob ta ined by 280 nm  m ethod of s e ru m  p ro te in s  e lu ted  by 2.5 M -M g C l
x — lM -p ro p io n ic  ac id© -— — © . F ra c t io n s  ob ta ined by e lu t io n  w ith
p ro p io n ic  a c id  w e re  n e u tra liz e d  to  pH7.0 b e fo re  m easu rem en t.
11'
•.v
P a irs  f ro m  two 
d if fe re n t co lum ns
G ra d ie n t p o ly a c ry la m id e  ge l e le c tro p h o re s is  (U n iv e rs a l S c ie n t if ic ,  
London) of r a t  se ru m  and of a concen tra ted  sam ple  of s e ru m  p ro te in s  
hom ologous to  ra t  l iv e r  p lasm a  m em brane . The la t te r  was is o la te d  
by b ind ing  se ru m  p ro te in s  to  im m o b ilis e d  a n ti- (p la s m a  m em bra ne ) 
and e lu tin g  w ith  0.5 M -N a C l (A) and 2.5 M -M g C l2 (B). E le c tro p h o re s is  
was p e rfo rm e d  in  t r is -E D T A -b o r ic  a c id  b u ffe r , pH 8.4 (M a rg o lis  and 
K e n r ic k , 1967) fo r  15 hours  a fte r  w h ich  the ge l was s ta ined  fo r  p ro te in s  
w ith  C oom assie  B r i l l ia n t  b lue R.
e lua te  represents serum pro te in  s p e c if ic a lly  bound to  the a n t i-  
(pLasma membrane) co n ju g a te . When 2 .5  M -M g C L  was used as 
e lu e n t, w ith o u t p re -e lu tio n  w ith  0 .5  M -N a C l, the amount o f 
p ro te in  recovered was a lm ost e q u iva len t to  th a t in the tw o step 
e lu tio n  p ro ce ss . There fo re , i t  was concluded th a t the m a te ria l 
e lu ted  by 2 .5  M -M g C ^  represents o n ly  serum pro te ins bound 
s p e c if ic a lly  to  the a n ti-(p la sm a  membrane) a n tib o d ie s .
E lec trophores is  o f a concentra te  o f the m a te ria l recovered 
in the 2 .5  M -M g C ^  e lua te  on po lyacry lam ide  ge l gave e igh t 
bands when the ge l was sta ined fo r p ro te in  (F ig . 3 -2 1 a ). Three 
o f these bands were id e n tif ie d  as g lyco p ro te in  by s ta in in g  the 
ge l fo r carbohydrate w ith  pe riod ic  a c id -S c h iff  reagent (F ig . 3 -2 1 b ). 
These three bands m a in ly  correspond to  serum g lycop ro te ins  w h ich  
m igra te  to  th e a ^  and 3 -g lo b u lin  reg ion (F ig . 3 -2 1 c ). W hen the 
ge l was sta ined fo r L - le u c y l- 3-naph thy lam idase  a c t iv ity  by the 
method o f Gomori (1954), the pro te in  th a t m igrated to  the 0^  
p o s itio n  was found to  be e n z y m a tic a lly  a c tive  (F ig . 3 -2 Id ) .  
Im m unoelectrophoresis o f the 2 .5  M -M g C L  e lua te  aga ins t a n t i- ( ra t  
serum) and a n ti-(p la sm a  membrane) an tise ra  showed the presence o f 
a t le a s t seven p re c ip ita tio n  lin es  w h ich  were id e n tic a l fo r  the tw o 
an tise ra  (F ig . 3 -2 2 ). A few  o ther lin es  were o n ly  de tected  a ga in s t 
a n t i- ( ra t  serum ). These re s u lts  w ould a lso  support the suggestion  
th a t the m a te ria l e lu ted  by 2 .5  M -M g C ^  represent o n ly  serum p ro te ins  
s p e c if ic a lly  bound to  our a n ti-(p la sm a  membrane) con juga te  prepara tion
F ig . 3.21
P o lyac ry la m id e -g e l e lec trop ho res is  in  0 .05  M T r is - 0 .4  M g ly c in e  
b u ffe r, pH 8.3 o f ra t serum and o f a concentrated sample o f the 
m a te ria l bound to  the im m ob ilised  a n ti-(p la sm a  membrane) and 
recovered in the 2 .5  M -M g C l^  e lua te  (ES). E lec trophores is  was 
performed fo r 2 hours a t room tem perature using 5 m A /tu b e .
a) P o lya c ry la m id e -g e l e lec tropho res is  o f (ES) sta ined fo r p ro te ins 
w ith  Ponceau S. E ight pro te in  bands are d e te c te d .
b) Same as in (a) sta ined fo r carbohydrate by the p e rio d a te -S ch iff 
reagen t. Three bands were d e te c te d .
c) P o lya c ry la m id e -g e l e lec troph o res is  o f ra t serum sta ined  fo r 
carbohydrate by the p e rio d a te -S ch iff re a g e n t. Three m ain 
g lyco p ro te in  bands are d e te c te d .
d) P o lyac ry la m id e -g e l e lec troph o res is  o f (ES) sta ined fo r L - le u c y l-  
3 -naph thy lam idase  a c t iv ity  by the method o f Gomori (1954). The 
pro te in  th a t m igra te  to  the pos itio n  was found to  be e n z y m a tic a lly  
a c t iv e .
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Im m u n o e le c tro p h o re s is , ag a in s t a n t i - ( r a t  se ru m ) (A /S ) and a n ti- (p la s m a  
m em brane) (A /P M )  a n tis e ra , of r a t  se ru m  and a con cen tra ted  sam p le  of 
se ru m  p ro te in s  hom ologous to  ra t  l iv e r  p la sm a  m em brane  (ES). The 
la t te r  was is o la te d  by b ind ing  se ru m  p ro te in s  to  im m o b ilis e d  a n ti- (p la s m a  
m em brane) and e lu tin g  w ith  2.5 M -M g C ^ .  In  a l l  cases an a liq u o t c o n t­
a in in g  about 14 mg p ro te in  was e le c tro p h o re se d  to r  2 hou rs  a t about 
10 V /c m  a c ro ss  the p la te  in  0.044 M -b a rb ito n e  b u ffe r ,  pH 8.6 a t ro o m  
te m p e ra tu re . The u n p re c ip ita te d  p ro te in s  w e re  washed o ff w ith  2.5%
N aC l and the d ry  p la tes  w e re  s ta ined  fo r  p ro te in s  w ith  C oom ass ie  B r i l l ia n t  
b lue R.
To te s t th a t alL serum pro te ins th a t can react w ith  a n t i-  
(plasma membrane) are bound to  the colum n and can be e lu ted  by 
2 .5  M - M g C ^ /  ra t serum was e lectrophoresed p a ra lle l w ith  the 
concentra ted m a te ria l e lu ted by 2 .5 M -M g C ^  and a llow ed  to  
d iffu s e  aga ins t a n ti-(p lasm a  m em brane). Exam ination o f F ig .3-22 
ind ica ted  th a t serum and the e lu ted  serum pro te ins gave a lm ost 
the same im m unoelectrophoresis pa tte rn . The o n ly  m iss ing  
p ro te in  from the e lu ted  serum was thalt w h ich  is  respons ib le  fo r 
the fo rm ation  o f lin e  (1) in the normal serum p a tte rn . Th is cou ld  
be exp la ined  by e ith e r o f the fo llo w in g  p o s s ib i l i t ie s :-
i) The an tibod ies  aga ins t th is  p a rticu la r pro te in  are 
not c o v a le n tly  bonded to  the a c tiva te d  Sepharose 
under our coup ling  c o n d itio n s , 
i i)  There is  e ith e r some sort o f degradation o f th is  type 
o f serum pro te in  as a re s u lt o f the e lu tio n  procedure 
or the 2 .5  M -M g C ^  is  no t e ffe c tiv e  enough to  e lu te  
th is  p a rticu la r p ro te in .
The m a te ria l e lu ted by 2 .5 M -M g C l^  was fu rth e r examined 
by com paring i t  w ith  the m a te ria l ex trac ted  from the iso la te d  
l iv e r  plasma membrane by 0 .15  M -N a C l and 0 .2  M -b ica rbo na te  
b u ffe r . W hen the three concentra ted fra c tio n s  were a llow ed  to  
d iffu s e  aga ins t a n t i- ( ra t  serum) (F ig . 3 -2 3 3 ), it  was found th a t a l l  
the line s  formed by both 0 .15  M -N a C l and 0 .2  M -b ica rbona te  
are continuous w ith  those formed by the e lu ted  serum p ro te in s .
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O u ch te rlon y  double d if fu s io n  p la tes  of r a t  se ru m  (S), a concen tra ted  
sam ple  of (ES) (see F ig  3 -22 ), 0.15 M -N a C l (SW) and 0 .2 M -b ica rb o n a te  
(BW) e x tra c ts  aga ins t (a) a n t i- ( r a t  se rum ) (A /S ) , (b) a n t i - ( l iv e r  p lasm a 
m em brane) (A /P M )  a n tis e ra . In a l l  cases an a liq u o t con ta in ing  about 
14 m g p ro te in  was a llow ed  to  d iffu se  aga ins t the a n tis e ra  fo r  48 hours  
a t ro o m  te m p e ra tu re . The u n p re c ip ita te d  p ro te in s  w ere  washed o ff 
w ith  2.5% N aC l and the d ry  p la tes  w ere  s ta ined  fo r  p ro te in s  w ith  
Ponceau S.
The m ajor Lines formed by e lu ted  serum pro te ins are not de tec tab le
in e ith e r 0 .15  M-NaCL o r 0 .2  M -b ica rbona te  b u ffe r. Th is ind ica ted
th a t serum -like  p ro te ins extracted  by 0 .15  M -N a C l and 0 .2  M -
b icarbonate  b u ffe r from the iso la ted  plasma membrane are not among
the tw o or three m ajor co n s titu e n ts  o f the pro te ins recovered in  the
2 .5  M -M g C ^  e lu ted  serum . The po in t o f in te res t in  F ig . 3 -23b
is  the pattern formed aga in s t a n ti-(p la s m a  membrane) by both
0 .15  M -N a C l and 0 .2  M -b ica rbona te  b u ffe r . This shows th a t the
m ajor plasma membrane p ro te ins extrac ted  by N aC l and NaHCO«o
are not id e n tic a l w ith  the m ajor plasma m em brane-like pro te ins 
found in ra t serum and the e lu ted  serum. M ino r co n s titu e n ts  are 
the onLy id e n tic a l components found in a l l  these fra c tio n s  w h ich  
are respons ib le  fo r the  fo rm ation  o f the con tinuous lin e s  near to  
the cen tra l w e l l .  The pro te ins recovered in the e lu ted serum/ the 
0 .15  M-NaCL and 0 .2  M -b ica rb o na te  bu ffe r washes were compared 
w ith  the sodium deoxycho la te  + Lubrol W -s o lu b iliz e d  plasma 
membrane. F ig . 3 -24  show s, as expec ted , th a t when a I Lowed to  
d iffu s e  aga ins t a n ti-(p la sm a  membrane), the e lu ted  serum, the 
0 .15  M-NaCL and 0 .2  M -b ica rbona te  w ashes, form lin e s  th a t are 
continuous w ith  those formed by the s o lu b iliz e d  pLasma mem brane.
The m ajor Lines formed by so lu b iliz e d  pLasma membrane are not 
de tec tab le  among the Lines formed by any o f the o ther fra c tio n s .
The re su lts  shown in F ig . 3 -24 a lso  support the suggestion  th a t the 
plasma m em brane-like pro te ins recovered in the e lu ted  serum are 
not id e n tic a l w ith  those extracted  by 0 .15  M -N a C l and 0 .2  M -N aH C O ^
Ouchterlony double diffusion plate of rat serum (S), a concentrated sample 
of (ES) (see Fig 3-22), 0.15M-NaCl (SW), 0.2M-bicarbonate (BW) extracts and 
of the solubilized plasma membrane (SPM) against anti-(plasma membrane) 
antiserum (A/PM). The plasma membrane was solubilized in sodium deoxycholate 
-i- Lubrol W as described in section (2:6). In all cases an aliquot containing about 
14 mg protein was allowed to diffuse against the antiserum for 48 hours at room 
temperature. The unprecipitated proteins were washed off with 2. 5% NaCl and 
the dry plate was stained for proteins with Ponceau S.
Furtherm ore, such p ro te ins are not m ajor components o f the - 
Iso la ted  plasma m em brane.
The re s u lts  presented above dem onstrate the presence o f 
a n tige n ic  groups th a t are common to  ra t serum and liv e r  plasma 
membrane. The common groups represent about 4% o f ra t serum 
pro te ins w h ich  can be recovered in the 2 .5 M -M g C ^  e lu a te . 
Enzym ic a n a lys is  o f the e lu ted  fra c tio n  ind ica ted  th a t the common 
p ro te ins do not inc lude  the m ost commonly used marker 
enzymes o f l iv e r  plasma membrane. Some o f these common 
components are g lyco p ro te in s  w h ich  could be e ith e r a tra n s ie n t 
component te m p o ra rily  com plexed w ith  the membrane, o r th e y  are 
part o f s tru c tu ra l p ro te ins o f the membrane. Exam ination o f these 
tw o p o s s ib ilit ie s  was performed using labe lled  fucose as a 
precursor o f g ly c o p ro te in . The re su lts  o f these experim ents w i l l  
be described la te r .
3 : 6) SUBFRACTIONATION OF MICROSOMES
As described  e a r lie r , part o f the plasma membrane o f liv e r  c e ll 
is  fragmented to  v e s ic le s  during hom ogen isa tion . These v e s ic le s  
are m a in ly  recovered in the m icrosom al fra c tio n . The d is tr ib u tio n  
o f the m ost commonly used plasma membrane m arker enzymes among 
plasma membrane fragm ents o f m icrosom al s ize  was examined using 
isop ycn ic  f lo ta t io n  in  a lin e a r sucrose d e n s ity  g rad ien t in a B XIV zonal 
ro to r as described in section  2 : 5b. B r ie f ly , the m icrosom al fra c tio n  
separated from homogenates o f perfused liv e rs  was resuspended in 
2 M  sucrose buffered w ith  5 mM T r is -H C l,  pH 8 and in troduced at 
the dense end o f a lin e a r g rad ien t ranging in d e n s ity  from 1 .077 to 
1 .22  g /m l.  F lo ta tio n  was carried  out a t 45000 revs /m  in fo r 16 hours 
and 2 0 m l fra c tio n s  were c o lle c te d .
A fte r f lo ta tio n  o f a suspended m icrosom al fra c tio n  through a 
lin e a r sucrose d e n s ity  g ra d ie n t, a n a lys is  o f the d is tr ib u tio n  o f prote in  
shows th a t the m a te ria l has been separated in to  two zones banding at 
d e n s itie s  o f about 1 .165 and 1.22 g /m l (Fig .3 ,25a). The f i r s t  zone 
was id e n tifie d  as smooth endoplasm ic re ticu lum  fragm ents as ind ica ted  
by g lucose  6-phosphatase a c t iv ity .  The second p ro te in :peak co rre s ­
ponds to  the sample re g io n . Rough endoplasm ic re ticu lum  as ind ica ted  
by RNA was located between the smooth endoplasm ic re ticu lu m  and the 
sample reg ion (Fig . 3 ’.2 5 a ). Enzyme a n a lys is  o f the fra c tio n s  recovered
Prote in and enzyme d is tr ib u tio n  a fte r f lo ta tio n  o f a ra t liv e r  m icrosom al 
preparation fo r 16 hours at 45 ,000  rev /m  in in  a B XIV zonal ro to r.
The m icrosom al fra c tio n  from 20 g liv e r  was resuspended in 30 m l o f 
2 M -su crose  and introduced a t the dense end o f a lin e a r sucrose 
d e n s ity  g rad ien t ranging from a d e n s ity  o f 1 .077 to  a d e n s ity  o f 1 .22
g /m l.  (a )------------ , p ro te in ;--------- /de n s ity ; q-------- □/ g lucose  6-phosphatase
(G6Pase); v V/ RNA. (b)o — o / 5 — nuc leo ttdase  (AkdPase), £~s ;—
a lk a lin e  phosphodiesterase (A ik . PDase^measured w ith  b is -p -n itro p h e n y l
phosphate as s u b s tra te ) ;^ -  L - le u c y l- 3-naph thy lam idase  (LN ase).
O ther plasma membrane enzym es, nam ely a lk a lin e  p -n itro p h e n y l 
phosphatase, ADPase, ATPase were a l l  co in c id e n t in d is tr ib u tio n  w ith  
L - le u c y l- 3-naph thy lam idase  a c t iv it y .
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a fte r  f lo ta t io n  showed th a t 5 ‘ -n u c le o tid a se  was concentra ted in a 
zone centred a t a d e n s ity  o f  1 .14  g /m l (F ig . 3 .2  5b). The proportion 
o f 5 ‘ -n u c le o tid a se  a c t iv ity  found in th is  reg ion was about 55% o f the 
to ta l m icrosom al a c t iv it y .  The re s t o f th is  enzyme a c t iv ity ,  toge ther 
w ith  o the r plasma membrane enzym es, nam ely a lk a lin e  p -n itro p h e n y l 
phosphatase, a lk a lin e  phosphod iesterase, L - le u c y l-g -n a p h th y i-  
am idase , ADPase and ATPase a c t iv it ie s  were a l l  assoc ia ted  w ith  
m a te ria l banding at a d e n s ity  o f about 1 .165  g /m l,  c o in c id e n t w ith  
smooth endop lasm ic re ticu lum  fragm ents ind ica ted  by g lucose  
6 -phosphatase a c t iv it y .  L it t le  a c t iv ity  o f these s ix  "plasm a membrane" 
enzymes was found in the reg ion  o f rough endoplasm ic re ticu lum  
fragm ents (F ig . 3 .2  5b).
To a sce rta in  w hether the d iffe re nce s  in pattern between 5 '-n u c le o -  
tid a se  and o ther enzym es, w h ich  are a ll  p redom inantly  located in the 
plasma membrane (see in tro du c tio n  p .30) were due to  v a r ia t io n  in the 
pe rm e a b ility  o f the membrane v e s ic le s ,  the enzyme assays were 
repeated in the presence o f 1% T riton  X -1 0 0 . The enzyme d is tr ib u tio n  
pattern obta ined in the presence o f detergent was found to  be id e n tic a l 
w ith  th a t shown in F ig . 3 .25b in the absence o f d e te rge n t. These 
re s u lts  dem onstrate th a t 5 '-n u c le o tld a s e  does not have the same 
d is tr ib u tio n  among the v e s ic le s  present in the m icrosom al fra c tio n  as 
compared to  f iv e  o ther enzymes a lso  reported to  be located in the 
plasma m em brane. This suggests th a t the low  d e n s ity  5 '-n u c le o tid a s e  
may have o rig ina ted  not from the plasma membrane, but from some 
o ther c e ll s truc tu res w h ic h , upon hom ogen isa tion , produce fragm ents
o f m icrosom al s iz e . To a sce rta in  w hether the low  d e n s ity  
5 '-n u c le o tid a s e  is the same enzyme as th a t found in the dense 
v e s ic le s ,  h is to ch e m ica l s ta in in g  fo r 5 '-n u c le o tid a se  was performed 
on the im m unoprec ip ita tion  lin e s  formed by the s o lu b ilis e d  fra c tio n s  
a ga ins t our a n t i- ( l iv e r  plasma membrane) an tise rum .
V e s ic le s  were co lle c te d  from the pooled fra c tio n s  (see F ig .3 .25 ) 
by sp inn ing  at 40 ,000  re v s /m in  fo r 90 m inutes a fte r d ilu t io n  w ith  an 
equal volum e o f d is t i l le d  w ate r (see Table 2 .1 ) .  These p e lle ts  and 
the p e lle ts  o f plasma membrane shee ts , separated from the crude 
nuc lea r fra c tio n  as described  in sec tion  2 : 5a, were s o lu b iliz e d  by 
resuspension  in N<r-dodecylsarcosinate T r is -H C l,  pH 7 .8  (Evans and 
G urd, 1972). In  the case o f the membrane sheets a deoxycho la te  
e x tra c t was a lso  in c lu d e d . An a liq u o t o f the suspension was a llow ed  
to  d iffu s e  a ga ins t our a n t i- ( l iv e r  plasma membrane) antiserum  in an 
O uch te rlony double d if fu s io n  plate as described in section  2 : 11. 
H is to ch e m ica l s ta in in g  o f the w et ge l fo r  5 '-n u c le o tid a se  w ith  AMP 
as substra te  (F ig . 3 .26) showed th a t the enzyme th a t was assoc ia ted  
w ith  a l l  m icrosom al sub frac tions  is  im m uno log ica lly  in v a r ia n t. Fu rthe r­
m ore, th is  enzyme is  a lso  id e n tic a l w ith  th a t assoc ia ted  w ith  l iv e r  
plasma membrane sheets iso la ted  from the crude nuc lea r fra c t io n .
The pro te in  p re c ip ita tio n  line s  formed by the m icrosom al sub frac tions  
and th e ir  re la tio n  to  th a t formed by the membrane sheets w i l l  be 
considered la te r.
As d iscussed  la te r , these re su lts  toge the r w ith  obse rva tions  
by o ther w orkers ind ica ted  th a t the sub frac tions  separated by f lo ta t io n
F ig . 3 .26
Com parison o f the re ac tion  o f 5 '-n u c le o tid a se  in m icrosom al sub trac tions 
and plasma membrane sheets aga ins t anti,-(p lasm a membrane) a n tise ru m .
Out o f the fra c tio n s  c o lle c te d  from f lo ta t io n  o f the m icrosom es, 7 m l 
a liq u o ts  were com bined as fo llo w s ;
H igh 5 '-n u c le o tid a s e  and low  g lucose 6-phosphatase Region A
5 '-n u c le o tid a s e  peak Region B - »
H igh 5 '-n u c le o tid a s e  and low  g lucose  6-phosphatase Region C and
Region D
F irs t g lucose  6-phosphatase peak Region E
H igh g lucose  6-phosphatase and low  5 '-n u c le o tid a s e  Region F
Second g lucose  6-phosphatase peak Region H
The reg ions are g iven  in F ig . 3 .2 5 .
In  a l l  cases the membranes were s o lu b iliz e d  in 0 .5  m l o f 4% (w /v ) 
N &dodecylsarcos inate  -  2.1%  (w /v ) T r is -H C l,  pH 7 .8 .  A deoxycho la te  
e x tra c t o f the plasma membrane sheets was a lso  in c lu d e d . An a liq u o t 
o f the membrane suspension was a llow ed  to  d iffu s e  a ga ins t a n ti-(p la sm a  
membrane) an tise ru m . P re c ip ita tio n  was a llow ed  to  proceed fo r 48 hours 
a t room tem perature and the unprec ip ita ted  p ro te ins were washed o f f  w ith  
2.5%  N a C l. The w et p la tes were sta ined fo r 5 '-n u c le o tid a s e  a c t iv ity  
w ith  AMP as substra te  by the method o f E l-A aser e t a l . (1973).
In the outside wells an aliquot of the deoxycholate extract of the 
material obtained from: l)region A; 2)region B; 3)region C; 4)region D; 
5)region E; 6)region F; 7)region G; 8)region H; 9)plasma membrane 
sheets isolated by an A XII zonal run ; whereas 10)is the sarcosyl 
extract of the plasma embrane sheets isolated by an A XII run.
o f the m icrosom es are a c tu a lly  plasma membrane fragm ents o f .. 
m icrosom al s iz e . I t  is  known th a t in the liv e r  c e ll plasma membrane 
there are two d is t in c t ,  m e ta b o lic a lly  a c tiv e , areas -  the s in u s o id a l-  * 
surface and the b il ia ry  su rface . I t  has been suggested , though 
w ith o u t d e fin ite  p roof, th a t the plasma membrane v e s ic le s  recovered 
in the m icrosom al fra c tio n  are derived  la rg e ly  from the s in u s o id a l-  
s'urface o f the l iv e r  c e ll  (H in ton  et a l . ,  1971). To te s t th is  hypothes is  
an attem pt was made to  la b e l the s in u so id a l-su rfa ce  o f the liv e r  c e ll 
by  perfusing  the l iv e r  in s itu  w ith  a flu o resce n t dye w h ich  w ould bind 
to  the membrane surface and act as a tra ce r during c e ll  fra c tio n a tio n . 
The re s u lts  o f these experim ents are described  b e lo w .
3 : 7) IDENTIFICATION OF MEMBRANE FRAGMENTS 
FROM THE SINUSOIDAL-FACING SURFACE OF 
THE LIVER CELLS W ITH  SITS
Attem pts were made to  labe l the membranes fac ing  on to  l iv e r  
s inu so ids  w ith  4 -a c e ta m id e -4 ,“ iso -th io cya n a tO “ S tilb e n e -2 ^ 2 '-  
d isu lp h o n ic  ac id  d isod ium  s a lt (SITS). The liv e r  was perfused 
in s itu  through the porta l v e in  w ith /  in succe ss ion / warm (~37°) 0 .2  5 M 
sucrose , 50 yM  SITS and f in a l ly  w ith  0 .2  5 M  sucrose so lu tio n  as 
described  in section  2 : 5c. Small p ieces were taken from d iffe re n t 
parts o f the liv e r  fo r m orpho log ica l s tud ies  and e ith e r fixe d  
im m ed ia te ly  w ith  fo rm a lin  o r kept in ic e -c o ld  0 .25  M sucrose . 
F luorescence m ic roscop ic  exam ination  o f th in  sections o f the l iv e r ,  
so perfused , showed the blue fluo rescence  o f SITS th roughout the 
porta l v e in  and in the te rm ina l branches o f the v e in s . F luorescence 
was observed in w hat appeared to be the s inuso ids  (F ig . 3 -2 7 ) .
Equal fluo rescence  was found in fixe d  or un fixed  t is s u e . No o ther 
recogn isab le  flu o resce n t s truc tu res cou ld  be seen w ith  the fluo rescence  
m ic rosco p e . Th is suggested th a t the SITS is  s p e c if ic a lly  la b e llin g , 
in s i tu , the blood ve sse ls  and the s in u s o id a l- fa c in g  surface o f the 
liv e r  c e l l .  H ence, it  seemed th a t bound SITS cou ld  be used as a 
m arker fo r s inu so ida l membrane fragm ents in experim ents such as 
those described in sec tions  2 : 5 a  and b.
Fluorescence m icrograph o f frozen sections o f ra t liv e r  perfused in s itu  
w ith  SITS. The b lue fluo rescence  o f SITS was observed in the porta l 
v e in  (PV) and s inuso ids  (S) as in d ic a te d , not in the b ile -c a n a lic u la r  
faces o f the plasma m em brane.
The l iv e r  o f ra t anaesthe tized  w ith  e th e r, was perfused through the 
po rta l ve in  w ith  w arm , about 3 7 ° , 0 .2  5 M  sucrose, 5 mM T r is -H C l,  
pH 8 .0  u n t i l  com p le te ly  b lanched . I t  was then perfused w ith  
app rox im a te ly  30 m l o f a warm and fre s h ly  prepared so lu tio n  o f 50 yM  
SITS in 0 .25  sucrose , pH 8 .0 .  A fu rth e r perfusion w ith  0 .25  M  sucrose 
ensured th a t the unbound SITS was co m p le te ly  washed ou t o f the l iv e r .  
Small p ieces were taken from d iffe re n t parts o f the liv e r  and were e ith e r 
fix e d  w ith  fo rm a lin , o r kep t in ic e -c o ld  0 .25  M  sucrose . Thin sec tions  
were cu t (about 5-6 ym) and were examined using the L e itz  fluo rescence  
m icroscope w ith  a v e r t ic a l illu m in a to r .
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The crude nuc lea r fra c tio n  and the m icrosom al fra c tio n  
obta ined from liv e rs  perfused w ith  SITS were frac tiona ted  in 
AXII and B XIV zonal ro to rs  as described  in section  2 : 5 .  The 
fluo rescence  in te n s ity  a t 483 nm w ith  e x c ita tio n  at 350 nm in the 
fra c tio n s  c o lle c te d  a fte r ce n tr ifu g a tio n  was measured in the presence 
o f 14% KOH (Knauf and R othes te in , 1971). F luorescence measurements 
on the fra c tio n s  recovered from the A X II zonal run showed th a t the 
s low -sed im en ting  m a te r ia l, p a rtic le s  in  the m itochon d ria l reg ion  and 
the n u c le i and aggregated m a te ria l a l l  possessed a h igh  fluo rescence  
as compared to  the plasma membrane reg ion (F ig . 3 -2 8 a ). In  the 
B XIV ru n , how ever, i t  appears th a t the  fluo rescence  in te n s ity  pattern ■ 
resem bles th a t o f 5 '-n u c le o tid a s e  more than any o f the o the r plasma 
membrane enzymes (F ig . 3 -2 8b). To a sce rta in  w hether such a  
fluo rescence  d is tr ib u tio n  pattern is  due to  the bound SITS or to  some 
endogenous flu o re sce n t m a te r ia l, the fluo rescence  in te n s ity  o f a 
"b la n k  run " was m easured. This invo lved  measuring the fluo rescence  
o f fra c tio n s  recovered from ce n tr ifu g a tio n  o f a crude n u c le a r and 
m icrosom al fra c tio n s  o f liv e r  perfused w ith  sucrose w ith o u t SITS.
At th is  stage o f the in ve s tig a tio n  fluo rescence  measurements on these
ft
fra c tio n s  revealed th a t ve ry  l i t t le  endogenous fluo rescence  is  present 
in  the "b lank  r u n s " /  As a re s u lt ,  i t  was thought th a t probab ly our 
perfus ion  techn ique is not e ffe c tiv e  enough to  remove tra ce s  o f free 
SITS le ft in the blood v e s s e ls , w h ich  a fte r hom ogenisation la b e lle d  
the membrane pro te ins random ly . Since SITS is  capable o f b ind ing  
to the membrane pro te in  v ia  an amino g roup, th e re fo re , an a ttem pt was
F ig . 3 .2 8
D is tr ib u tio n  pattern o f p ro te in , enzymes and fluo rescence  from liv e r  
perfused in s itu  w ith  SITS, obta ined a fte r ce n trifu ga tio n  o f:
a) The crude nuc lea r fra c tio n , fo r 50 m inutes a t 3700 re v s /m in  
in an A X II zonal r o to r .  , d e n s ity ;^  ^ fluo rescence ;
. ' +  ~   -------- — ------h i succina te  dehydrogenase (SuccDase);
o  o / 5 *-nu c leo tidase  (AMPase).
b) The m icrosom al fra c tio n , fo r  16 hours at 4500 re v s /m in  in  a
B XIV zonal r o to r . ----------- , d e n s ity ;^ ----------- a , fluo rescence ;
□--------- □ , g lucose  6-phosphatase (G6Pase);o______ Q,
5 ‘ -n u c le o tid a se  (AMPase).
P rior to  measurement o f the flu o resce n ce , the c o lle c te d  fra c tio n s  were 
d igested  in 14% KOH. To ensure com plete d ig e s tio n , in cub a tio n  at 
45° C was carried  out fo r between 24 and 48 hours u n til a c le a r so lu tio n  
was ob ta ined . In  some instances son ica tion  was necessary to  o b ta in  
com plete s o lu b iliz a tio n  o f a l l  mem branes. The fluo rescence  o f the 
d ig e s t was measured at 483 nm w ith  e x c ita tio n  a t 350 nm (Knauf and 
R o ths te in , 1971).
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made to  improve the perfusion techn ique  by flu sh in g  the liv e r  w ith  
ethanolam ine a fte r perfusing w ith  SITS. The fluo rescence  patterns 
obta ined a fte r such m o d ifica tio n  were found to  be a lm ost the same 
as th a t shown in F ig . 3 .2 8. Th is w ould in d ica te  th a t there  was 
h a rd ly  any free SITS le ft a fte r pe rfu s io n .
On repeating  the experim ents described above a problem emerged 
w ith  the re p ro d u c ib ility  o f the fluo rescence  in te n s ity  measured in the 
fra c tio n s  o f the " la b e lle d  ru n s " and the "b la n k  ru n s " . Th is suggested 
th a t incom plete  s o lu b ilis a tio n  o f the membranes m igh t be part o f the 
problem . In  our experim ents we cou ld  not ach ieve  com plete 
s o lu b ilis a tio n  o f the membrane even a fte r son ica tio n  and incuba tion  
a t 45°C  in the presence o f 14% KOH. H ow ever, during  preparation 
o f th is  th e s is  i t  was re a lise d  th a t the m ajor problem is  the c a lib ra tio n , 
o f the s p e c tro flu o rim e te r. H ence, a few  experim ents were repeated 
and the best re su lts  were obta ined when the fluo rescence  in te n s it ie s  
o f the fra c tio n s  o f a " la b e lle d  ru n " and th a t o f a "b lank  run " were 
measured at the same tim e . Such measurements revealed th a t the 
p a rtic le s  from the crude nuc lea r fra c tio n  separated in the A X II run 
possess a cons iderab le  endogenous flu o re sce n ce . The d is tr ib u tio n  
pattern o f the fluo rescence  in te n s ity  appeared ve ry  s im ila r  to  th a t 
observed in a " la b e lle d  ru n " (F ig . 3 .2 9 a ). H ow ever, there  was a 
cons ide rab le  d iffe re n ce  in the to ta l'a m o un t o f fluo rescence  present 
in each fra c tio n  o f the tw o ru n s . H ence, i t  was thought th a t,  the 
bes t w ay to  ob ta in  the exact pattern o f the fluo rescence  in te n s ity  
o f the bound'SITS is to  sub trac t the endogenous fluo rescence  from
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c
S '
>*i-(0
TO
80
0)o
ca>u
i / ia>kOs
LL
2010 30
Fraction no.
c 6 0 -
o 3 0 -
u .
302010
Fraction no.
F ig  3-29
a) D is tr ib u t io n  p a tte rn  o f p ro te in  and flu o re s c e n c e  ob ta ined a f te r  c e n tr ifu g a tio n  
fo r  50 m inu te s  a t 3700 re v s /m in  in  an A X II  zona l r o to r ,  of a c rude  n u c le a r  
f ra c t io n ,  obta ined f r o m  l iv e r s  p e rfu se d  w ith  a w a rm  0.25 M  su c ro se  w ith o u t 
SITS.^ , d e n s ity ;_______ , p ro te in ;^ _______ &, flu o re s c e n c e .
F o r  flu o re sce n ce  m easu rem en ts  see F ig  3-28.
b) F lu o re sce n ce  d is t r ib u t io n  pattern ob ta ined by s u b tra c tin g  the flu o re s c e n c e , 
o f the fra c t io n s  of "b la n k  ru n "  shown in  (a) f r o m  th a t o f the f ra c t io n s  of
the " la b e lle d  ru n "  shown in  F ig  3-28. a.
th a t measured in the fra c tio n s  o f the labe l Led run a fte r co rrec ting  
fo r  the amount o f p ro te in  present in  each fra c tio n . Such co rrec tion  
renders the fluo rescence  d is tr ib u tio n  p a tte rn , e s p e c ia lly  from the 
A X II ru n , more easy to  in te rp re t. A d is t in c t  flu o resce n t peak was 
found in the beginn ing o f the g rad ien t c o in c id in g  w ith  the$low 
sed im enting m icrosom es, in the plasma membrane sheets and in 
the n u c le i and aggregated m a te ria l a t the end o f the g rad ien t 
(F ig . 3 .2 9 b ). Peaks o f fluo rescence  appeared a lso  to  be present 
between the plasma membrane sheets and the n u c le i corresponding 
to  p a rtic le s  w ith  d e n s itie s  o f 1 .186 and 1.196 g /m l.  I t  is  in te re s tin g  
th a t these are the same d e n s itie s  as those reported by H in ton  et a_l. (1970) 
fo r  the tw o peaks o f red b lood ceLls found in s im ila r  ru n s . The apparent 
peaks in tubes 13 and 15, on the o ther hand, probably have no 
s ig n if ic a n c e . The endogenous fluo rescence  o f the m itochondria  
is  e x c e p tio n a lly  h igh  and the co rrec tion s  are co rrespond ing ly  in a ccu ra te .
In the B XIV zona l ru n , the endogenous fluo rescence  o f the 
fra c tio n s  was about 2 /3 'rd . o f th a t found in  experim enta l tubes and 
showed an irreg u la r pattern (F ig . 3 .3 0 a ). H ence, a t th is  stage o f 
preparation o f th is  th e s is  un fo rtu n a te ly  no more tim e cou ld  be spent 
to  inve s tig a te  the reasons fo r th is  irreg u la r endogenous fluo rescence  
pa tte rn . H ence, an approxim ation  was made in  w h ich  the average 
fluo rescence  in te n s ity  o f the fra c tio n s  o f the "b lank  ru n " was 
subtracted from th a t measured on the fra c tio n s  o f the lab e lle d  ru n .
The pattern obta ined a fte r such co rrec tion  (F ig . 3 .30b ) shows th a t 
the fluo rescence  is m a in ly  concentra ted in the m a te ria l banding a t
Fig . 3 . 3 0
a) D is tr ib u tio n  pattern o f pro te in  and endogenous fluo rescence  a fte r 
f lo ta t io n  o f the m icrosom al fra c tio n  through a lin e a r d e n s ity  g rad ien t 
in a B XIV zonal ro to r. The m icrosom es were obta ined from live rs  
perfused w ith  0 .25  M  sucrose w ith o u t S I T S .  --------- , d e n s ity ;
— ------------ , prote in ; ^------------a / flu o re sce n ce . For fluo rescence
measurements see F ig . 3 .2 8 .
b) C orrected fluo rescence  d is tr ib u tio n  ob ta ined by su b trac ting  the 
average fluo rescence  in te n s ity  o f the fra c tio n s  o f the  "b la n k  ru n " 
shown in (a) from th a t o f the fra c tio n s  o f the " la b e lle d  ru n " shown 
in  F ig . 3 .2  8b. The d is tr ib u tio n s  o f g lucose  6 - phosphatase and 
5 '-n u c le o tid a se  are inc luded as m arkers fo r the low  and h igh  
d e n s ity  v e s ic le s  re s p e c t iv e ly .
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F ig . 3 .30
d e n s ity  o f about 1 .14  g /m l.
In  sp ite  o f a l l  the problems o f m easuring the fluo rescence  in te n s ity  
o f the " la b e lle d "  and the "b la n k "  ru n s , these re su lts  ind ica te  th a t the 
s in u s o id a l- fa c in g  surfaces o f the liv e r  plasma membrane, labe lled  
in s itu  w ith  SITS, are m a in ly  recovered in  the m icrosom al fra c tio n .
The sub frac tion  o f m icrosom al membranes banding at a d e n s ity  o f 
about 1 .14  g /m l appeared to  con ta in  a h igh  proportion o f fragm ents 
from s in u s o id a l- fa c in g  su rface . R e la tiv e ly  l i t t le  o f the labe lled  
surface is  recovered w ith  the plasma m em brane-rich  reg ion  iso la te d  
from the crude n uc le a r fra c tio n  by an A X II zona l ru n .
3 : 8) INCORPORATION OF FUCOSE INTO SERUM AND LIVER
PLASMA MEMBRANE GLYCOPROTEINS
E arlie r in th is  chapter it  was dem onstrated th a t p ro te ins w h ich  
are.common to  liv e r  plasma membrane and ra t serum cou ld  be iso la ted  
by a f f in i ty  chrom atography o f ra t serum on im m obilised  a n t i- ( l iv e r  
plasma membrane) an tise rum . At leas t some o f these common prote ins 
were shown to  be g ly c o p ro te in s . These re su lts  encouraged us to  
in ve s tig a te  the re lease o f g lyco p ro te ins  from the liv e r  c e ll plasma 
membrane to  the serum, e s p e c ia lly  in v ie w  o f the re su lts  presented 
by Riordan et a L (1 9 7 4 ). These authors showed th a t lab e lle d  fucose 
was incorporated into  l iv e r  c e ll plasma membrane in tw o d is t in c t  
phases w h ich  th e y  in te rpre ted  as re fle c tin g  inco rpo ra tion  in to  tw o 
groups o f p ro te in s . The rap id  tu rnover o f the f i r s t  group suggests th a t 
they  are secre to ry  g lyco p ro te in s  te m p o ra rily  assoc ia ted  w ith  the membrane. 
The second group w ould then presum ably be membrane g ly c o p ro te in s .
14
In  our in v e s tig a tio n , tw o experim ents were performed in w h ich  L - [  C] 
fucose was used as a precursor fo r g ly c o p ro te in s . In  one case the 
an im als were k il le d  15 m inutes a fte r fucose in je c tio n , w h ils t  in the 
second experim ent the inco rpo ra tion  tim e was extended to  90 m in u te s .
The liv e rs  were frac tiona ted  by zonal ce n tr ifu g a tio n  and the serum by 
a f f in i ty  chrom atography fo llo w in g  the procedure described  in sec tion  2 ;5 d . 
F ractions from the B XIV zonal ro to r were pooled as ind ica ted  in F ig .3 .3 3 .
The plasma m em brane-rich fra c tio n  separated from the crude nuc lea r 
fra c tio n  was fu rth e r pu rified  by f lo ta t io n  from a sucrose so lu tio n  o f 
d e n s ity  1 .19 g /m l as described in sec tion  2 :5a . The p e lle ts  
obta ined a fte r sp inn ing  the pooled fra c tio n s  from the B XIV ro to r at 
40000 re v s /m in  (see M a te ria ls  and M e thods, Table 2 .1 ) fo r  90 m inu tes , 
and the flo a te d  plasma membrane,were washed su cce ss ive ly  w ith  
0 .15  M -N a C l and 0 .2  M -b ica rbo na te  b u ffe r, pH 9 .0 ,a s  described  in 
sec tions  2:5a and 2 :6 . The washed p e lle ts  were resuspended in 
0 .1 5  M -N a C l and the ra d io a c tiv ity  was m easured. The serom ucoids 
present in  the s a lt e x trac ts  and in the washed membrane p e lle ts  were 
separated by the method o f Sturgess et ah. (1972) as described  in 
sec tio n  2: 5 d .
A fte r 15 m inutes o f fucose inco rp o ra tio n , fra c tio n a tio n  o f the 
serum on an im m ob ilised  a n t i- ( l iv e r  plasma membrane) colum n showed a 
s ig n if ic a n t inco rpo ra tion  o f ra d io a c tiv ity  in to  prote ins capable o f 
b ind ing  to  our a n ti-(p la sm a  membrane) co n juga te . The amount o f the 
ra d io a c tiv e ly  labe lled  prote ins bound to  the a n ti-(p la sm a  membrane) 
con jugate  was increased fu rthe r when the incorpora tion  tim e was 
90 m inu tes (Table 3 .1 3 ) . More inco rpo ra tion  was detected a fte r  
90 m inu tes o f fucose In je c tio n  when serum was frac tion a te d  in to  a c id -  
p re c ip ita b le  g lyco p ro te ins  by the method o f Sturgess et ad . (1972). 
H ow ever, the percentage ra d io a c t iv ity  o f the lab e lled  serum pro te ins 
th a t are capable o f b ind ing  to  our a n ti-(p la sm a  membrane) con jugate  
decreased as the inco rpo ra tion  tim e was increased . S im ila r obse rva tion s
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were deduced by exam ination  o f the rad ioatltogram s presented in 
F ig . 3 .3 1 . The ra d io a c tiv e ly  labe lled  p re c ip ita tio n  lin e s , formed 
by the m a te ria l e lu ted from the co lum n, aga ins t a n ti-(p la sm a  membrane) 
antiserum  were more de fined  a fte r 15 m inutes o f fucose inco rp o ra tio n .
Th is w ould suggest th a t serum g lyco p ro te ins  th a t are common to  liv e r  
plasma membrane are among the ra p id ly  labe lled  p ro te in s .
M easurem ent o f the ra d io a c t iv ity  in the crude nuc lea r fra c tio n  as 
sub frac tiona ted  in the A X II zonal ro to r showed th a t a fte r  both periods 
o f fucose inco rpo ra tion  the labe l is  concentra ted in th ree  bands 
c o in c id e n t w ith  the three 5 '-n u c le o tid a s e  bands (F ig . 3 .3 2 ). Those 
three bands correspond to  the m icrosom es (region 2 ), plasma membrane 
sheets (region 4) and n u c le i contam inated w ith  aggregated m a te ria l 
(region 5) (see F ig . 3 . l a ,  reg ions 2 , 4  and 5 ).
As described  e a r lie r  in th is  s e c tio n , fra c tio n a tio n  o f the  m icrosom es 
in a lin e a r sucrose d e n s ity  g rad ien t re su lted  in the separa tion  o f a 
d is t in c t  fra c tio n  o f low  d e n s ity  v e s ic le s  h ig h ly  enriched in 5 * -n u c le o - 
t id a s e . O ther plasma membrane enzymes and the  rem ain ing ' part o f the 
5 '-n u c le o tid a se  a c t iv ity  are assoc ia ted  w ith  m a te ria l banding a t a d e n s ity  
s im ila r  to  th a t o f the smooth endoplasm ic re ticu lu m  as ind ica ted  by 
g lucose  6 -phospha tase . R a d io a c tiv ity  measurements on the fra c tio n s  
showed th a t a fte r ne ithe r period o f fucose inco rpo ra tion  d id  the la b e llin g  
pattern co in c id e  e x a c tly  w ith  any o f the enzyme d is tr ib u tio n  pa tte rn s .
F ig . 3 .33a  shows th a t a fte r 15 m inutes o f fucose inco rpo ra tion  the 
ra d io a c t iv ity  pattern is  w id e ly  spread but appears to  co in c id e  w ith  the 
5 '-n u c le o tid a se  peak banding a t a d e n s ity  o f about- 1 .14  ra the r than w ith
Radioautograms o f the im m unoelectrophoresis p la tes , ag a in s t a n t i-  
(ra t serum) (A/S) and a n ti-(p la sm a  membrane) (A/PM) a n tis e ra , o f 
ra t serum (S) and a concentra ted sample o f the m a te ria l bound to  
the im m ob ilised  a n ti-(p la sm a  membrane) and e lu ted by 2 .5 M -  
M g C l2 (ES).
In  a l l  cases an a liq u o t con ta in in g  about 14 mg prote in was e le c tro -  
phoresed fo r 2 hours at about 10 V /cm  across the plate in 0 .044  M - 
barb itone bu ffe r a t room tem peratu re . . The an tise ra  were added 
im m ed ia te ly . D iffu s io n  and p re c ip ita tio n  was a llow ed to  proceed 
fo r 48 hours a t room tem pera tu re . The unprec ip ita ted  p ro te ins were 
washed o f f  w ith  2 .5% N aC l and the d ry  p la tes were le f t ,  in  the  d a rk , 
in con tac t w ith  an X -ra y  film  fo r about three U ttk s ^
a) a fte r 15 m inu tes o f fucose inco rp o ra tio n , b) a fte r 90 m inu tes o f 
fucose inco rp o ra tio n , c) Same as (b) but s ta ined fo r p ro te ins w ith  
C oom assie B r ill ia n t b lue R.
Fig 3-31
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D is tr ib u t io n  of p ro te in , ra d io a c t iv ity  and m a rk e r  enzym es a f te r  c e n tr ifu g a tio n  
o f a c rude  n u c le a r f ra c t io n  fo r  50 m in , a t 3700 re v s /m in  in  an A X I I  zona l 
ro to r .
a) a f te r  15 m inu tes  of fucose  in c o rp o ra t io n ,-------------de ns ity ;  , p ro te in ;
o o , 5 T-n u c le o tid ase ; □------------o ,g lucose 6 -phosphatase; v—
b) a f te r  90 m inu tes  of fucose  in c o rp o ra t io n . Sym bols
— ra d io a c t iv ity ,  
a re  the  sam e as in  (a)
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F ig  3-33
D is t r ib u t io n  of enzym es and ra d io a c t iv ity  a f te r  f lo ta t io n  of a r a t  l iv e r  
m ic ro s o m a l f ra c t io n  fo r  16 hou rs  a t 45000 re v s /m in  in  a B -X IV  zona l 
ro to r .
a) a f te r  15 m inu tes  of fucose  in c o rp o ra t io n ,------------- , d e n s ity ;-------------
p ro te in ; o o, 5 T-n u c le o tid a se , □--------□, g lucose  6 -phospha tase ;
v v, ra d io a c t iv ity .
b) a f te r  90 m inu tes  of fucose  in c o rp o ra t io n . Sym bols a re  the sam e 
as in  (a).
F o r  e x p e r im e n ta l d e ta ils  see F ig  3-26.
the  o the r plasma membrane enzym es. The measured ra d io a c t iv ity  was 
found to  be m a in ly  due to  h igh  m o lecu la r w e igh t g ly co p ro te in s , o n ly  
l / 3 r d  o f the ra d io a c t iv ity  being a ttr ib u ta b le  to  m a te ria l so lub le  in 
tr ic h lo ro a c e tic  ac id  (Table 3 .1 4 ) . A fte r 90 m inutes o f fucose inco rpo ra tion  
the ra d io a c t iv ity  is found in both low  d e n s ity  v e s ic le s  and those 
banding w ith  the smooth endoplasm ic re ticu lum  (F ig . 3 .3 3 b ). Com parison 
o f  F ig s . 3 .33a  and 3 .3 3 b  shows a cons ide rab le  increase in ra d io a c t iv ity  
o f the fra c tio n s  co in c id in g  w ith  the smooth endoplasm ic re tic u lu m , 
w h ils t  the ra d io a c t iv ity  in the low  d e n s ity  v e s ic le s  in decreased .
The re su lts  presented so fa r show th a t a fte r both periods o f fucose 
inco rpo ra tion  a co ns id e ra b ly  g reater proportion  o f ra d io a c t iv ity  was 
found in the m icrosom al sub frac tions  than in the sheets o f plasma 
membrane separated from the crude nuc lea r fra c tio n . H ow ever, the 
re la t iv e ly  low  a c t iv ity  in the plasma membrane fra c tio n  iso la te d  from 
the crude nuc lea r fra c tio n  was s u b s ta n tia lly  increased a fte r 90 m inutes 
o f in co rp o ra tio n , w h ils t  the a c t iv ity  in the microsomaL sub frac tions  
decreased (Table 3 .1 5 ) .
Removing lo o se ly  bound pro te ins and the v e s ic le  con ten ts  from 
the m icrosom al su b fra c tio n s , obta ined from the B XIV zona l ru n , by 
e x tra c tio n  w ith  0 .15  M -N a C l and 0 .2  M -b ica rb o na te  b u ffe r, pH 9 .0  
does not a ffe c t the o v e ra ll ra d io a c tiv ity  pa tte rn , but i t  does appear 
th a t a fte r a short inco rpo ra tion  tim e more ra d io a c tiv ity  in  the  form o f 
lo o se ly  bound m a te ria l is  washed o f f  from the m icrosom al sub fra c tion s  
than is removed in the case o f the long period o f in co rp o ra tio n .
A cco rd in g ly , the washed pe lle ts  showed more ra d io a c t iv ity  a fte r
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15 m inutes than a fte r 90 m inu tes o f inco rpo ra tion  (Table 3 .1 6 ) .
H ow ever, the  w ash ing procedure d id  not a lte r  the d is tr ib u tio n  o f 
ra d io a c t iv ity  in the plasma membrane sheets iso la ted  from the crude 
nuc lea r fra c tio n . The washed membrane s t i l l  showed more ra d io ­
a c t iv ity  a fte r 90 m inutes than a fte r 15 m inu tes o f the in co rp o ra tio n . 
S im ila r re su lts  were obta ined a fte r fra c tio n a tio n  o f the washed p e lle ts  
and the s a lt ex tra c ts  in to  pe rch lo ric  a c id -s o lu b le  and - in s o lu b le  
fra c tio n s  by the method o f Sturgess e t aj,* (1972). I t  was found th a t 
the ra d io a c tiv ity  is m a in ly  recovered in the pe rch lo ric  a c id - in s o lu b le  
fra c tio n  as is  the case on fra c tio n a tio n  o f ra t serum in to  a c id -s o lu b le  
and - in s o lu b le  fra c tio n s  (Table 3 .1 7 ).
The m a te ria l recovered in the m icrosom al sub frac tions  (regions A , 
B, C , D and E, F ig . 3.33)  was examined im m uno log ica lly  and compared 
w ith  th a t o f the plasma membrane sheets iso la te d  from the crude nuc lea r 
fra c tio n  and the serum pro te ins separated by a f f in i ty  chrom atography 
on a n ti-(p la sm a  membrane) antiserum  co n ju g a te . The p e lle ts  
rem ain ing a fte r w ash ing  the membranes w ith  0 .15 M -N a C l and 0 .2  
M -N aH C O g were extracted  w ith  1% DOC + 0.5% Lubrol W  (see sec tion  
2:6) .  An a liq u o t o f the de tergent e x tra c ts  was a llow ed  to  d if fu s e  
aga ins t a n t i- ( l iv e r  plasma membrane) and a n t i- ( ra t serum) a n tise ra  
as described in section  2 :1 1 . The p re c ip ita tio n  lin e s  co n ta in ing  
ra d io a c tiv e ly  labe lled  g lyco p ro te ins  were located by rad ioau tog rap hy . 
The d ry  p la tes were le f t ,  in the d a rk , in con tac t w ith  an X -ra y  film  
fo r  about three m onths. The d ry  p la tes were la te r s ta ined fo r p ro te in s .
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No immunoLogical a c t iv ity  was detected  in the m a te ria l o f 
reg ion  A whereas the m a te ria l o f a l l  o ther reg ions was indeed 
immunologicaLLy a c tive  aga ins t our a n ti-(p la sm a  membrane) an tise rum . 
A v e ry  weak re a c tion  was detected between the m a te ria l o f reg ion B 
and the a n ti-(p la sm a  membrane) . F ig . 3 .34a and b shows th a t the 
pro te in  pattern formed by the m a te ria l o f reg ion C resem bles th a t 
formed by the plasma membrane sheets more c lo s e ly  than does th a t 
o f any o f the o the r tw o re g io n s . H ow ever, the p re c ip ita tio n  Lines 
formed by a l l  three microsomaL sub frac tions  appear to  be continuous 
w ith  each o ther and w ith  the corresponding lin e s  formed by the plasma 
membrane she e ts . Th is w ould  suggest th a t the m a te ria l in reg ions 
C , D and E is  q u a lita t iv e ly  but not q u a n tita t iv e ly  id e n tic a l [th e  weak 
re ac tion  aga ins t a n ti-(p la sm a  membrane) o f the m a te ria l o f reg ion  D 
a fte r 90 m inutes o f fucose inco rpo ra tion  (F ig . 3 .34b) cou ld  be 
a ttr ib u te d  to  the loss o f m a te ria l du ring  e x tra c tio n  w ith  b icarbonate  
bu ffe r; th is  loss renders the f in a l p e lle t more d iLute: see TabLe 3 .16  
and 17 ] .  Exam ination o f F ig . 3 .34c shows the presence o f at Least 
th ree p re c ip ita tio n  lin e s  formed by the materiaL o f reg ion C . The m ajor 
Line formed appears to  be continuous w ith  one o f the m inor Lines formed 
by the plasma membrane she e ts . One o f the weak l in e s , nearer to  the 
an tigen  w e l l ,  is common to the m ajor line  formed by serum a ga ins t 
a n ti-(p ia sm a  membrane) antiserum  and one o f the m ajor lin e s  formed 
by the plasma membrane shee ts . The other weak lin e , nearer to  the 
a n tib o d y -co n ta in in g  w e l l ,  w h ich  seems to be common to the three 
fra c tio n s , was found to be continuous w ith  the m ajor c o n s titu e n t o f
The pattern o f pro te ins on O uch te rlony  double d if fu s io n  p la tes o f 
1% DOC +0.5%  Lubro l W  ex tra c ts  o f the p e lle ts  rem ain ing a fte r 
w ash ing  the membranes w ith  0 .15  M -N a C i and 0 .2  M -b ica rb o na te  
b u ffe r, pH 9 .0 ,  aga ins t a n t i- ( l iv e r  plasma membrane) antiserum  (A/PM) 
in the experim ents in vo lv in g : a) s h o rt, b) and c) long periods o f 
fucose  inco rp o ra tio n . Rat serum and the 2 .5  M -M g C L  e lu ted  serum 
fra c tio n  (ES) were inc luded fo r com p arison .
In  a l l  cases d if fu s io n  and p re c ip ita tio n  were a llow ed to  proceed fo r 
48 hours at room tem peratu re . The unpre c ip ita ted  pro te ins were 
washed o f f  w ith  2 .5% N aC l and the d ry  p la tes were sta ined fo r 
p ro te ins w ith  Coomassie B r ill ia n t b lue R.
(a)
/
o
1) Serum (a & b)
2) ES
3) M a te r ia l f ro m  re g io n  C
4) M a te r ia l f ro m  re g io n  D
©5) M a te r ia l f ro m  re g io n  E
©6) P lasm a  m em brane  of re g io n  4
f ro m  the A  X I I  run  (PM)
©7) M a te r ia l f ro m  re g io n  A
©8) M a te r ia l f ro m  re g io n  B
©9) A n ti- (p la s m a  m em brane)a n ti se ru m
©
©
(c)
©
©
©
®
©
the  2 .5  M -M g C L  e lu ted  serum fra c tio n .
The radioautogram:, presented in F ig . 3 .35a shows th a t a fte r 
15 m inutes o f fucose inco rpo ra tion  the m a te ria l from reg ion  C 
produced the m ost ra d io a c tiv e ly  labe lled  p re c ip ita tio n  lin e  aga ins t 
a n ti-(p la sm a  membrane) antiserum  . A ve ry  w ea k ly  labe lled  
p re c ip ita tio n  lin e  was detected  in the pattern formed by the m a te ria l 
o f the o ther fra c tio n s . A fte r 90 m inutes o f fucose in co rp o ra tio n , it  
appears th a t the ra d io a c t iv ity  in the p re c ip ita tio n  lin e s  formed by the 
m a te ria l o f reg ion C and E was cons id e rab ly  enhanced (F ig . 3 .3 5 b ). 
The ve ry  poor la b e llin g  o f the p re c ip ita tio n  lin e s  formed by reg ion  D 
a fte r 90 m inutes o f inco rpo ra tion  cou ld  be exp la ined  s im ila r  to  th a t 
described  fo r the weak prote in  p re c ip ita tio n  lines  (see F ig . 3 .3 4 b ). 
The ra d io a c tiv e ly  lab e lled  p re c ip ita tio n  line  formed by the m a te ria l 
o f reg ion  E appears to  be con tinuous w ith  one o f the m inor lines  
formed by the plasma membrane shee ts . Exam ination o f F ig . 3 .35c 
shows th a t the three p re c ip ita tio n  line s  formed by the m a te ria l o f 
reg ion  C shown in  F ig . 3 .3 4 c  were a l l  ra d io a c tiv e ly  la b e lle d . The 
m ajor line  formed appears to  be the most ra p id ly  lab e lled  w h ils t  the 
other tw o weak line s  are labe lled  o n ly  a fte r 90 m inutes o f fucose 
inco rp o ra tio n . These re su lts  w ould suggest th a t the inco rpo ra tion  o f 
fucose in to  l iv e r  plasma membrane takes p lace f i r s t  in the membranes 
w h ich  are m a in ly  recovered in the m icrosom al fra c tio n  a fte r homo­
ge n isa tio n  and c e n tr ifu g a tio n . A h igh  proportion o f the ra p id ly  
lab e lle d  membrane g lyco p ro te in s  appear to  be concentra ted in  the  low  
d e n s ity  m icrosom al v e s ic le s  w h ich  were a lso  found to  co n ta in  a
(b)
O
(c )
o
o
o
o
o
o
o
o
o
o
o
o
R ad io au tog ra m s of the O u ch te rlon y  p la tes  shown in  F ig  3 -34. In  a l l  
cases, the d ry  p la tes  w ere  le f t ,  in  the d a rk , in  con tac t w ith  an X - r a y  
f i lm  fo r  about th re e  m onths.
cons ide rab le  amount o f lo o se ly  bound m a te r ia l. Inco rpora tion  o f 
fucose  in to  the g lyco p ro te ins  o f the plasma membrane sheets iso la te d  
from the crude nuc lea r fra c tio n  appeared to  be ta k in g  place at a 
re la t iv e ly  s low  ra te .
The im m unolog ica l a c t iv ity  o f the m a te ria l in reg ions C , D , E 
and the plasma membrane sheets tow ards a n t i- ( ra t serum) antiserum  
was a lso  examined as described  earlie r-. W hen the d ry  p la tes were 
s ta ined  fo r pro te ins w ith  Coom assie B r ill ia n t b lue R (F ig . 3 .3 6 a , b , 
c and d) no p re c ip ita tio n  lin e s  cou ld  be de tected  between any o f the 
membrane fra c tio n s  and a n ti- ( ra t serum ). H ow ever, when ra d io ­
autograms o f the same p la tes were produced (F ig . 3 .3 7 a , b , c and d) 
i t  showed th a t o n ly  a fte r 15 m inu tes o f fucose inco rpo ra tion  the 
m a te ria l o f reg ions C , D and E is* capable o f producing ra d io a c tiv e ly  
lab e lle d  p re c ip ita tio n  lin e  aga ins t a n t i- ( ra t  serum ). I t  is  c le a r from 
F ig . 3 .37b th a t the m a te ria l o f reg ion  C is  more re a c tive  tow ards a n tf-  
(ra t serum) than any o f the o ther fra c tio n s . H ow ever, a fte r 90 m inu tes 
o f fucose inco rp o ra tio n ; no ra d io a c tiv e ly  lab e lled  p re c ip ita tio n  lin e  
cou ld  be de tected  between any o f the membrane fra c tio n s  and the 
antiserum  (F ig . 3 .3 7 c ) . Th is w ould ind ica te  th a t the p ro te ins th a t 
are common to  ra t serum and liv e r  m icrosom al sub frac tions  are o n ly  
m inor con s titu e n ts  o f the m icrosom al s u b fra c tio n s . N e ve rth e le ss , 
it  appears th a t those pro te ins con ta in  the v e ry  fa s t and h e a v ily  
labe lled  g ly c o p ro te in s . Such common pro te ins are m a in ly  concen tra ted  
in the m a te ria l o f reg ion C w h ich  e a r lie r  in th is  chapter was dem onstrated 
to be h ig h ly  enriched w ith  membrane v e s ic le s  m a in ly  de rived  from the
O uch te rlony double d if fu s io n  p la tes o f 1% DOC + 0.5% Lubro l W  
ex tra c ts  o f the p e lle ts  rem ain ing a fte r w ash ing the membrane w ith  
0 .15  M -N a C l and 0 .2  M -N aH C O ^ . The d if fu s io n  was performed 
aga ins t a n t i- ( ra t serum) (A/S) and a n t i- ( l iv e r  plasma membrane) (A /PM ) 
an tise ra  a fte r short and long periods o f fucose inco rpo ra tion  as 
ind ica ted  b e lo w . Rat serum (S) and the 2 .5  M -M g C ^  e lu ted  serum 
fra c tio n  (ES) were inc luded  fo r com parison .
In  a l l  cases d if fu s io n  and p re c ip ita tio n  were a llow ed  to  proceed fo r 
48 hours at room tem perature and the d ry  p la tes were s ta ined  fo r pro te ins 
w ith  Coomassie B r ill ia n t b lue R.
The subscrip ts  1 and 2 represent the m a te ria l a fte r short and long 
periods o f fucose inco rpo ra tion  re s p e c tiv e ly . The fra c tio n s  on p la te  (c) 
correspond to those o f p la te  (b) but are from the experim ent w ith  a long 
period o f fucose inco rpo ra tion  . PM^ and PM^ are the m a te ria l o f 
reg ion  4 from the A X II run (F ig . 3 .32) a fte r 15 and 90 m inu tes o f 
inco rpo ra tion  re s p e c tiv e ly .
(a)
(b)
(d)
o
\
(c)
S c> ©  ©
@ 0 0  
© ©
V
o
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R ad ioau tog ram s of the O u ch te rlon y  p la tes  shown in  F ig  3 -36 . In a l l  
cases, the d ry  p la tes  w ere  le f t ,  in  the d a rk , in  con tac t w ith  an X - r a y  
f i lm  fo r  about th re e  m onths.
s in u s o id a l- fa c in g  area o f the l iv e r  c e ll membrane. Hence i t  is 
l ik e ly  th a t the g lyco p ro te in s  present in  reg ion C th a t are common 
to ra t serum are m a in ly  secre to ry  g lyco p ro te ins  tem p o ra rily  
com plexed w ith  the membrane.
CHAPTER FOUR 
DISCUSSION
DISCUSSION
The w ork described  in th is  th e s is  was designed to  e lu c id a te  
w hether the liv e r  c e ll plasma membrane is  the source, in normal ra t 
serum, o f enzymes such as a lk a lin e  phosphatase or 5 '-n u c le o tid a s e  
w h ich  are e leva ted  in human hepa tic  d is e a s e . The s tudy was extended 
to  exam ine the re la t io n s h ip  between ra t serum prote ins in  genera l and 
the hepatocyte  plasma membrane. The m ajor techn iques used in th is  
s tudy were im m unofluorescence and a f f in i ty  chrom atography. H ow ever, 
i t  is  known th a t,  in the liv e r  c e ll plasma membrane there are tw o 
d is t in c t ,  m e ta b o lic a lly  a c tiv e , a reas , the s in u so id a l-su rfa ce  and the 
b il ia ry  su rfa ce . As it  was hoped to  id e n tify  the part o f the  plasma 
membrane from w h ich  the p ro te ins are re leased in to  the b lo o d , methods- 
had f i r s t  to  be developed to  a sce rta in  the su b ce llu la r source o f the 
plasma membrane fragm ents w h ich  may be separated from the crude 
nuc lea r and the m icrosom al fra c t io n . The re s u lts  o f these in v e s tig a tio n s  
w i l l  now be d iscu sse d .
Plasma membrane surface an tigens and the properties o f the 
a n ti-(p la sm a  membrane) antiserum
The v a lid i ty  o f the re su lts  presented in th is  th e s is  depends, to 
a cons iderab le  ex ten t on the s p e c if ic ity  o f the a n ti-(p la sm a  membrane) 
an tise rum . To prepare the la tte r required the is o la tio n  o f pu rifie d  
plasma membrane fo r use as an immunogen. Rat l iv e r  plasma membranes 
were iso la ted  by the method o f Prospero and H in ton (1973). E a rlie r 
s tud ies  by Emmelot et .aL  (1964) showed th a t the iso la te d  membranes
co n ta in  prote ins tha t are so lub le  in p h ys io lo g ica l s a lin e . Among those 
s a lin e -s o lu b le  components are pro te ins common to  ra t serum w h ich  may be 
absorbed onto the  membrane a fte r hom ogen isa tion . In  a d d itio n  no n - , 
membraneous pro te ins may be trapped ins ide  the membrane v e s ic le s .
These trapped p ro te ins are reported to  be removed by w ash ing  the 
membrane w ith  0 .2  M -b ica rbona te  bu ffe r* pH 9 .0  (W eih ing e t aU  .1972) 
H ence, in the present in ve s tig a tio n  the membrane preparations' used to 
ra ise  the antiserum  were extracted  w ith  0 .15  M -N a C l and 0 .2  M -  
b icarbonate  b u ffe r, pH 9 .0 to  remove non-membraneous p ro te ins .
The presence, in our a n ti-(p la sm a  membrane) a n tise rum , o f 
an tibod ies  ag a ins t a number o f enzym ic a c t iv it ie s  th a t are p redom inan tly  
located in the plasma membrane was dem onstrated by h is to ch e m ica l 
s ta in in g  (F ig . 3 -7 ) .  F lu o re sce in -la b e lle d  a n ti-(p la sm a  membrane) 
was a lso  used to  s tudy the b ind ing  o f the antiserum  to the iso la te d  
plasma membrane. The intra-m em brane loca tio n  o f the an tigens was 
stud ied  by exam in ing the e ffe c t o f the w ash ing procedures on the 
b ind ing  o f the an tibo d ies  to  the membrane. As dem onstrated in the 
R esu lts s e c tio n , w ashing the iso la te d  plasma membrane w ith  0 .15  
M -N a C l and 0 .2  M -b ica rbona te  b u ffe r caused a cons ide rab le  increase 
in the exten t o f b ind ing  o f the flu o re sce in -la b e lle d  a n ti-(p la sm a  
membrane) to the washed membrane. Th is  ind ica tes  th a t the w ash ing  
procedure re su lts  in the exposure o f new an tige n ic  b ind ing  de te rm inan ts  
on the membrane surface w h ich  were p re v io u s ly  m asked. M asked 
membrane s ite s  were dem onstrated by Gurd et a l .  (1972) in mouse 
liv e r  plasma membrane by trea tin g  the membrane w ith  50 m M -b ica rb o na te
b u ffe r. Exposure o f p re v io u s ly  masked a n tige n ic  s ites  o f ra t l iv e r  
plasma membrane was reported by S he ffie ld  and Emmelot (1972) a fte r 
tre a tin g  the membrane w ith  papa in . The m asking phenomenon has 
been reported a lso  in o ther c o n te x t, e .g .  in transform ed tum our c e lls  
(H ayry and Defend i ,  1970) and in the untransformed membrane a fte r 
treatm ent w ith  try p s in  (M ak ita  and Sayama, 1971). U n-m ask ing  o f 
hormone receptors in the liv e r  has been dem onstrated by s tudy ing  
the e ffe c ts  o f trea tm ent o f the membrane w ith  h y d ro iy tic  enzymes 
(C ua trecasas, 1971). These observa tions  are co n s is te n t w ith  
the increased b ind ing  o f a n ti-(p la sm a  membrane) antiserum  to  our 
sa lt-w a sh e d  membrane as compared w ith  the unwashed m em branes.
Antigen ic, groups common to  ra t serum and 
liv e r  plasma membrane
The re la t io n s h ip  between liv e r  plasma membrane and ra t serum 
was f i r s t  s tud ied by exam in ing the b ind ing  o f flu o re s c e in -la b e lle d  
a n t i- ( ra t  serum) to  the iso la te d  plasma membrane. Th is showed th a t 
about 1% o f the pro te in  in the g lo b u lin  fra c tio n  o f the a n t i- ( ra t  serum ), 
as aga ins t 0.16% o f g lo b u lin  from non-im m unized ra b b it, was capable  
o f b ind ing  to  the iso la te d  plasma membrane. A fte r w ash ing  the membrane 
w ith  0 .15  M -N a C l and 0 .2  M -N aH C O ^ b u ffe r, i t  appears th a t the b ind ing  
c a p a c ity  o f the washed membrane was decreased co n s id e ra b ly . The 
proportion o f a n t i- ( ra t se rum )-b ind ing  m a te ria l removed du ring  w ash ing  
is  about the same as the proportion o f the to ta l membrane p ro te ins  
w h ich  is s o lu b iliz e d  (Table 3 -5 ) .  Thus i t  was concluded th a t the 
membrane a n tig e n ic  groups th a t are common to  ra t serum m ust be la rg e ly
exposed on the membrane surface and not masked by the lo o se ly  
bound proteins, removed during the w ash ing procedure as are the true 
membrane pro te ins w h ich  b ind the a n ti-(p la sm a  membrane) a n tise ru m .
As a cons ide rab le  proportion  o f the membrane prote ins capable 
o f b ind ing  to  a n t i- ( ra t serum) were removed in the w ash ing procedure, 
i t  was decided to  exam ine the s o lu b iliz e d  prote ins more c lo s e ly .  
Exam ination o f the im m uno log ica l reac tion  o f the sa lt e x tra c ts  w ith  
a n t i- ( c e l l  c y to s o l) ,  a n t i- ( ra t  serum) and a n t i- ( l iv e r  plasma membrane) 
an tise ra  showed the presence o f p ro te ins w h ich  can reac t w ith  the 
three a n tis e ra . Absorbed cy to so l pro te ins were m a in ly  recovered in 
the 0 .1 5  M -N a C l w ash , whereas m a te ria ls  homologous to  ra t serum 
p ro te ins  were m a in ly  ex trac ted  by the b icarbonate  w ash . M a te r ia l 
reac ting  w ith  a n ti-(p la sm a  membrane) antiserum  but not c ro ss -rea c tin g  
w ith  a n t i- ( ra t serum) or a n t i- ( c e l l  c y to so l) was a lso de tected  in both 
w ashes . This con firm s th a t a t leas t part o f the lo o se ly  bound p ro te ins  
are true  membrane pro te ins w h ich  mask b ind ing  s ite s  loca ted  deeper 
in  the membrane. S ix plasma membrane pro te ins were de tected  in the 
s a lt e x tra c t,tw o  o f w h ich  were found to  be common to  ra t serum . 
H ow ever, a lthough w ash ing the iso la te d  plasma membrane caused the 
rem oval o f some o f the prote ins common to  ra t serum and l iv e r  plasma 
membrane, enough o f those pro te ins are f irm ly  assoc ia ted  w ith  the 
membrane and are present in s u ff ic ie n t amount to produce a n tib o d ie s  
when the washed membranes were used as an immunogen. As the 
w ash ing procedure should remove pro te ins absorbed from th e .se ru m , 
these an tige n ic  components are presum ably prote ins re leased  in v iv o
from the liv e r  c e ll membrane in to  the b lo o d .
The postu la te  presented above was supported by the observa tion  
th a t our a n ti-(p la sm a  membrane) antiserum  is capable o f producing 
im m unoprec ip ita tion  lin e s  when tes ted  aga ins t ra t serum (F ig . 3 -1 6 a ). 
There fore , i t  is c le a r th a t the common prote ins could be iso la te d  i f  
the proper techn ique  was used. A f f in ity  chrom atography provides a 
q u ick  and s p e c if ic  method fo r is o la tin g  minor, components from a 
m ixtu re  o f pro te ins (C rom w e ll, 1973). A cco rd in g ly , a f f in i ty  
chrom atography o f ra t serum on im m obilised  a n ti-(p la sm a  membrane) 
was decided to  be the approach to  iso la te  serum pro te ins common to  
ra t l iv e r  plasma membrane. In  the t r ia l  experim ents , advantage was 
taken o f the a v a ila b i l i ty  o f a n t i- ( c e l l  cy to so l) antiserum . Th is was 
used, w ith  c e ll c y to s o l, as a model fo r  s p e c if ic  a n tig e n -a n tib o d y  
re a c tio n , to  v e r ify  the a f f in i ty  chrom atography co n d itio n s  . From 
these t r ia l  experim ents i t  was concluded th a t the an tibod ies  c o v a le n tly  
bound to  the Sepharose 4B re ta in  th e ir  ca p a c ity  to  bind the corresponding 
an tigens and the coupled an tigens could be detached by a method w h ich  
d id  not des troy  th e ir  enzyme a c t iv ity .
Prote ins common to ra t serum and liv e r  plasma membrane were 
iso la ted  by a f f in i ty  chrom atography o f serum on im m ob ilised  a n ti-(p la sm a  
membrane). Under our experim enta l co n d itio n s  about 4% o f ra t serum 
pro te ins reacted w ith  the a n ti-(p la sm a  membrane) co n ju g a te . Enzyme 
measurements on the unbound m a te ria l and on fra c tio n s  e lu ted  from the 
column (ES) showed th a t a lm ost none o f the 5 '-n u c le o tid a s e  or
a lk a lin e  p -n itro p h e n y l phosphatase was bound to  the im m ob ilised  
a n tib o d ie s , in sp ite  o f these enzymes be ing , in the l iv e r ,  p redom inantly  
assoc ia ted  w ith  the plasma membrane. There are four poss ib le  
exp lana tions  fo r these re s u lts . I t  is  poss ib le  th a t in i t ia l ly  no 
an tibod ies  to  those enzymes were ra ised  in our a n ti-(p la sm a  membrane) 
p repara tion , o r the a n tibod ies  were destroyed during  the coup ling  
procedure, or they  are not co v a le n tly  bound to  the a c tiva te d  
Sepharose. A lte rn a t iv e ly , liv e r  plasma membrane is not a m ajor 
source o f these enzymes in serum.
The f i r s t  exp lana tion  appears u n lik e ly  because o f the fo llo w in g  
f in d in g s . In  the t r ia l  experim ents w ith  liv e r  c e ll c y to so l and a n t i-  
(c e ll cy to so l) an tise rum , about 88% o f the 5‘ -n u c le o tid a se  and 87% of 
the a lk a lin e  p -n itro  phenyl phosphatase a c t iv it ie s  were bound to  the 
im m obilised  an tise rum . Th is shows th a t the a n tibod ies  to  these enzymes 
are indeed coupled to  the a c tiva te d  Sepharose and re ta in  th e ir  b io lo g ic a l 
a c t iv it ie s .  H ow ever, due to  the fa c t th a t the so lub le  n u c le o tid ase  is 
d if fe re n t from th a t assoc ia ted  w ith  p a rtic le s  (Tjernshaugen and F ritzso n , 
1976) one cannot be ce rta in  th a t the an tibo d ies  to  plasma membrane 
5 '-n u c le o tid a se  in our a n ti-(p la sm a  membrane) d id  b ind to  the Sepharose. 
The re su lts  obta ined from the t r ia l  experim ents d id , how ever, show 
tha t it  is  poss ib le  to  couple  the an ti-(enzym e) an tibod ies  to  the 
a c tiva te d  Sepharose.
H is toche m ica l s ta in in g  o f the im m unoprec ip ita tion  lin e s  formed 
by so lu b ilize d  plasma membrane ag a ins t a n ti-(p la sm a  membrane) showed
the presence o f a n tibod ies  to  most o f the plasma membrane enzymes 
(Fig . 3 .7 ) , in sp ite  o f the in h ib it io n  e ffe c t o f the an tibod ies  on the 
enzyme a c t iv ity  (Evans e t a j , . , 1973a). 5 -N uc leo tid ase  a c t iv ity  was 
found in tw o lin e s  w ith  the same e le c trop h o re tic  m o b il it ie s ,  besides 
there were three lines  each o f w h ich  con ta in  a lk a lin e  p -n itro p h e n y l-  
phosphatase, L - le u c y l-  $-naphthylam idase (LNase) and AT Pas e a c t iv it ie s .  
Th is  may suggest the presence, in  the liv e r  c e ll  plasma membrane, o f 
a m u ltienzym e com p lex . A s im ila r  com plex e x h ib itin g  LN ase, 
nuc leos ide  d i -  and triphospha tase  a c t iv it ie s  has been reported by 
Blomberg and R a fte ll (1974) us ing  tw o d im ens iona l im m unoe lec tropho res is . 
A lthough these authors d id  not assay fo r 5 '-n u c le o tid a s e , Blomberg and 
Perlmann (1971b) reported th a t the a c t iv ity  o f 5 ‘ -n u c le o tid a se  was 
present in two p re c ip ita tio n  L in e s /d if fe re n t from those in w h ich  AT Pas e 
a c t iv ity  was d e te c te d . S im ila r re s u lts  were observed by Simon and 
Thomas (1972) on po lyacry lam ide  ge l e lec trop ho res is  o f homogenates 
o f  the membrane o f the pancreas. They reported th a t 5 '-n u c le o tid a s e  
is  not assoc ia ted  w ith  the pro te ins w h ich  con ta in  LNase and a lk a lin e  
p -n itro  phenyl phosphatase a c t iv it ie s .  They in te rp re t the  la t te r  as 
in d ica tin g  the presence o f a m u ltienzym e com plex on the plasma 
membrane. Our h is to ch e m ica l re s u lts  support the presence o f a m u lt i­
enzyme com plex on the liv e r  c e ll plasma membrane and suggest th a t 
5 '-n u c le o tid a se  is  probably not assoc ia ted  w ith  th is  com p lex . Th is 
d iffe rence  in the behaviour o f 5 '-n u c le o tid a s e  from o ther plasma membrane 
enzymes was a lso  observed when the e ffe c t o f deoxycho la te  + Lubro l W  
on the plasma membrane enzymes was s tu d ie d . 5 '-N u c le o tid a s e  a c t iv ity
was found to  be enhanced up to  3 00%, whereas LNase and a lk a lin e  
p -n itro p h e n y l phosphatase a c t iv it ie s  were in h ib ite d  by about 45% 
and 30% re s p e c t iv e ly . An in h ib it io n  by the same detergent o f the 
a c t iv ity  o f plasma membrane ATPase appeared in  the report o f 
Blomberg and Perlman (1971b) in w h ich  they  a lso  report th a t the 
de tergents enhance 5 '-n u c le o tid a s e . To co nc lud e , both the re su lts  
o f the s tud ies  on the e ffe c t o f the detergent on the fou r enzymes and 
the h is to ch e m ica l re su lts  may be a ttr ib u te d  as due to  d iffe re nce s  in 
lo c a tio n , w ith in  the membrane, o f 5 '-n u c le o tid a s e  and the o ther 
enzymes m entioned above . From these re su lts  and those  from o the r 
experim ents , as d iscussed  b e lo w , i t  seems m ost l ik e ly  th a t an tibo d ies  
aga ins t "p lasm a membrane enzym es" are present in our a n ti-(p la sm a  
membrane) p repara tion . As there seems no good reason w hy the y  
should not be c o v a le n tly  bound to  the a c tiva te d  Sepharose or should 
be s e le c t iv e ly  in a c tiv a te d , it  was concluded th a t the hepatocyte  
plasma membrane is  no t a m a jor source o f the 5 '-n u c le o tid a s e  and 
a lk a lin e  phosphatase in normal ra t serum.
This postu la te  was supported by the re s u lts  obta ined by co lleagues 
a t the Centre during preparation o f th is  th e s is .  W hen serum from ra ts  
made jaund iced  by lig a tio n  o f the b ile  duc t fo r  three days was 
fra c tio n a te d  by a f f in i ty  chrom atography on im m ob ilised  a n ti-(p la sm a  
membrane), o n ly  about 17% o f the 5 '-n u c le o tid a s e  a c t iv ity  was recovered 
in the unbound serum pro te in  fra c tio n , a lthough  o n ly  7% cou ld  be 
recovered in the fra c tio n s  e lu ted  by 2 .5  M -M g C L  (Issa  et a j, . ,  1976).
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The low  recovery o f the enzyme a c t iv ity  is  probably due to  dena tu ra tio n
o f th is  enzyme by the e iu tin g  agen t. Those observa tions showed th a t 
a c tive  an tibod ies  to  5 '-n u c le o tid a s e  were present on the colum n and 
so confirm ed th a t,  a lthough the a d d itio n a l 5 '-n u c le o tid a s e  w h ich  
appears in  serum o f jaund iced  ra t is  de rived  from the liv e r  plasma 
membrane, the a c t iv ity  present in normal serum comes from a d if fe re n t 
sou rce . These re su lts  are co n s is te n t w ith  the reports o f R ig h e tti and 
Kaplan (1971) th a t a lk a lin e  phosphatase in normal ra t serum is  o f bone 
o r ig in  and i t  is  a lso  in lin e  w ith  th a t g iven  by K ryszew sk i e t a i . (1973) 
th a t 5 '-n u c ie o tid a s e  in serum o f ra ts  made jaund iced  by lig a tio n  o f the. 
common b ile  duc t is  o f hepa tic  o r ig in .
Serum a lk a lin e  phosphatase, how ever, appears to  behave in  a 
w ay d iffe re n t from th a t o f 5 '-n u c le o tid a s e  a fte r lig a tio n  o f the common 
b ile  d u c t. M easurem ent o f serum a lk a lin e  phosphatase showed a 
cons ide rab le  increase in the a c t iv ity  o f th is  enzyme when assayed 
w ith  3 -g lyce rophospha te  as subs tra te , whereas there was v e ry  l i t t le  
increase in the a c t iv ity  when p -n itropheny lphospha te  was u sed . W hen 
serum o f jaund iced  ra ts  was frac tion a te d  by a f f in i ty  chrom atography on 
im m ob ilised  a n ti-(p la sm a  m em brane), a lk a lin e  phosphatase a c t iv ity  
(w ith  3-g lyce rophospha te  o r p -n itropheny lphospha te  as substra te ) 
was m a in ly  recovered in the unbound serum pro te in  fra c tio n . These 
re su lts  support our previous co n c lu s io n  th a t the plasma membrane o f 
normal l iv e r  is not a m ajor source o f a lk a lin e  phosphatase in serum 
o f jaund iced  ra ts . The re su lts  ob ta ined  from fra c tio n a tio n  o f serum 
o f jaund iced  ra ts  were in accordance w ith  e xp e c ta tio n , s ince  plasma 
membrane iso la te d  from normal ra t l iv e r  showed o n ly  a lk a lin e  p -n it ro -
phenyl phosphatase activity but no alkaline 3-glycero phosphatase 
activity (Emmelot et a L , 1964). Hence one would expect that serum 
alkaline 3-glycerophosphatase would not bind to the immobilised 
anti-(piasma membrane). However, the hepatic origin of the additional 
activity of serum alkaline 3-glycero phosphatase could not be excluded. 
Emmelot et a I. (1964) reported that a remarkable increase occurred in 
alkaline 3-glycero phosphatase activity in the plasma membrane isolated 
from rat liver after ligation of the common bile duct. This was attributed 
as due to the presence of a new enzyme different from that hydrolysing 
p-nitrophenylphosphate.
A possible interpretation of the results of-Emmelot e t aL (1964) 
is that the increased level of alkaline 3-glycerophosphatase activity 
in the plasma membrane is due to the i'de novo synthesis of this 
enzyme by the liver reported by Kaplan and Rftighetti (1970 ) cuyJ. 
Kryszewski et a l . (1973). Consequently the suggestion can be made 
that alkaline 3-glycerophosphatase and p-nitro phenyl phosphatase in 
rat serum are two different enzymes. At present there is insufficient 
evidence to support this suggestion, but our results suggest that 
alkaline p-nitro phenyl phosphatase and 3-glycerophosphatase are 
behaving differently during obstructive jaundice. Hence, the 
sensitivity of serum alkaline phosphatase and consequently its clinical 
reliability should be considered with its substrate specificity (see 
Introduction, p. 12). It is very difficult to extrapolate our experimental 
results on normal rats and on rats suffering from acute biliary obstruction 
to diseases in humans which might be chronic and probably due to
severa l fa c to rs . H ow ever, i t  seems th a t our fin d in g s  and th a t o f o thers 
are in  lin e  w ith  the c l in ic a l observa tions on humans (Phelan e t a L  , 1971) 
as o u tlin e d  in  the 'In tro d u c tio n '.
W hen normal ra t serum was frac tio n a te d  by a f f in i ty  chrom ato­
g raphy, L - le u c y l- 3-naph thy lam idase  and a lk a lin e  RNase (assayed 
a t pH 7 .8  in  the presence o f 50 m M - M g C y ,  a c t iv it ie s  were de tected  
in the fra c tio n s  recovered by e lu tin g  w ith  2 .5 M -M g C l^  • From these 
assays i t  appears th a t about 8% o f the L - le u c y l-3 -n a p h th y la m id a s e  
and 10% o f the RNase a c t iv it ie s  in serum is  assoc ia ted  w ith  the 
pro te ins common to  ra t serum and liv e r  plasma m em brane. Supporting 
evidence fo r th is  b iochem ica l o bserva tion  is  derived  from the re s u lts  
o f po lyacry lam ide  ge l e lec tropho res is  o f the m a te ria l common to  ra t 
serum and liv e r  plasma membrane. L“ L e u c y l-8“ naphthylam idase 
a c t iv ity  was found by h is to che m ica l s ta in in g  to be a sso c ia ted  w ith  
p ro te ins m ig ra ting  to  the p o s it io n . These re su lts  are c o n s is te n t
w ith  those o f Smith and Rutenburg (1963) who found th a t,  on e le c tro ­
phoresis on c e llu lo s e  ace ta te  s tr ip s , both serum and l iv e r  am ino - 
peptidase m igrate in the p o s it io n . S im ila r it ie s  between l iv e r
and serum amino peptidase has been reported by Behai e t a l .  (1966).
Hence i t  was concluded th a t the hepatocyte  plasma membrane is  
a lm ost c e r ta in ly  the source o f part o f the serum L - le u c y l- 3-n aph th yL - 
am idase a c t iv ity  and probab ly o f serum RNase. However p ro te ins  
w ith  enzyme a c t iv ity  do probably form o n ly  a sm a ll p roportion  o f the 
serum pro te ins w h ich  bind to  im m ob ilised  a n ti-(p la sm a  membrane) 
an tise rum , so i t  is  o f in te re s t to  know w hat are the o th e r common
pro te ins  and i f  poss ib le  how such m a te ria ls  are re leased from the 
plasma membrane in to  the b lo o d .
P rote ins common to  ra t serum and 
l iv e r  plasma membrane
Im m unoelectrophoresis aga ins t a n ti-(p la sm a  membrane) and 
a n t l- ( ra t  serum) an tise ra  o f the m a te ria l bound to  the im m ob ilised  
a n ti-(p la sm a  membrane) and e lu ted  by 2 .5  M -M g C ^  (ES) showed 
the presence o f a t lea s t seven p re c ip ita tio n  lin e s  w h ich  were 
id e n tic a l fo r the tw o an tise ra  (F ig . 3 .22a) . Three o f the common 
lin e s  were assoc ia ted  w ith  pro te ins m ig ra ting  in  the 3 - re g io n , two 
lin e s  w ith  p ro te ins w h ich  rem ain a t the o r ig in , and one lin e  each 
w ith  p ro te ins m ig ra ting  in the -^g lo b u lin  and a lbum in re g io n s . A few  
o the r lin e s  were o n ly  de tected  a ga ins t a n t i- ( ra t serum).
G rad ien t po lyacry lam ide  ge l e lec trop ho res is  con firm s the 
presence o f a lbum in in the "ES" fra c tio n  (F ig . 3 .2 0 ) . T h is  was not 
unexpected s ince  i t  is  known th a t th is  p ro te in  is syn thes ised  in ,  and 
secreted from , the liv e r  c e ll (Pe ters, 1962; G laum an, 1970). The 
presence in the "ES" fra c tio n  o f p ro te ins th a t m igrate in the y -g lo b u lin  
reg ion  was unexpected , but th is  pro te in  was a lso  d e te c te d , a lthough  
to  a le ss  e x te n t, in the m a te ria l ex trac ted  by 0 .15  M -N a C l and 0 .2  
M -N aH C O g b u ffe r (F ig . 3 .1 1 ), and may be due to  the b ind ing  o f 
e s p e c ia lly  b as ic  p ro te in  to  the a c id ic  membrane su rfa ce .
E lectrophores is  o f a concentra ted sample o f "ES" fra c tio n  on 
po lyacry lam ide  ge l gave e igh t bands when the g e l was s ta ined  fo r
pro te ins (F ig . 3 .2 1 a ), th is  agreed w ith  the number o f p ro te ins obta ined
by im m unoe lec tropho res is . Three bands, one m igra ting  to  the and
tw o to  the 3-g lo b u lin  re g io n s , were p o s it iv e ly  id e n tifie d  as g lyco p ro te ins
by s ta in in g  the ge l fo r carbohydrate w ith  period ic  a c id -S c h iff  reagen t.
Th is  would ind ica te  th a t those tw o types o f serum g lyco p ro te ins
o rig in a te  from liv e r  plasma membrane. Th is suggestion  was supported
by re su lts  from experim ents on la b e llin g  serum g lyco p ro te ins  w ith  
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[ C ]fu co se . F ig . 3 .31 shows th a t the p ro te ins common to  ra t serum 
and liv e r  plasma membrane th a t m igra te  in the 3 -g lo b u lin  reg ion  are 
a lm ost c e r ta in ly .g ly c o p ro te in s . H ow ever, there was no p o s itive  
evidence fo r the pro te ins m ig ra ting  to  the 0^  pos ition  as being 
g ly c o p ro te in s .
Com parison o f the pa tte rn , on im m unoelectro p h o re s is , a g a ins t
a n ti-(p la sm a  membrane) formed by ra t serum w ith  the pattern formed
by (ES) fra c tio n  showed th a t a lm ost a ll  the common p ro te ins were
s u c c e s s fu lly  recovered from the a f f in i ty  colum n (F ig . 3 .2 2 ) . The
o n ly  m iss ing  pro te in  from the "ES" fra c tio n  is  th a t respons ib le  fo r
the fo rm ation  o f lin e  1 . Th is cou ld  be exp la ined  by e ith e r o f the two
p o s s ib i l i t ie s .  F irs t ,  the an tibod ies  aga ins t th is  p a rtic u la r p ro te in
are not c o v a le n tly  bound to  the a c tiva te d  Sepharose under our
experim enta l c o n d it io n s . A lte rn a t iv e ly , there is some sort o f
degradation o f th is  type o f serum prote in  due to  the e lu tin g  a g en t.
U n fo rtu n a te ly , we cou ld  not te s t e ith e r o f the tw o  p o s s ib i l i t ie s ,  but
relab'vij/
i t  appears th a t the m iss ing  prote in  is  a g lyco p ro te in  w h ich  is /s tro n g ly
lab e lle d  w ith  fucose a fte r o n ly  90 m inutes o f inco rpo ra tion  (F ig . 3 .3 1 ) . 
Thus, it  seems th a t th is  g lyco p ro te in  is  d if fe re n t from the o the r
S ' -
g ly c o p ro te in s . I t  is  v e ry  poss ib le  th a t breakdown o f th is  serum 
pro te in  in to  subun its  is ta k in g  place due to  the low  pH o f the e lu tin g  
a g e n t.
There fore , i t  is  c le a r th a t there  are pro te ins common to  ra t serum 
and liv e r  plasma membrane. Among those common p ro te in s , 
ca rb o h yd ra te -rich  pro te ins were found to  be m a in ly  o f the $ -g lo b u lin  
ty p e . Those common components cou ld  be e ith e r tra n s ie n t components 
te m p o ra rily  com plexed w ith  the membrane, o r part o f the s tru c tu ra l 
pro te in  o f the membrane. As the liv e r  c e ll  plasma membrane is  no t 
a uniform  structu re  but con ta ins  an area fac ing  the s inuso id  w h ich  is  
d if fe r in g  fu n c tio n a lly  and m o rp h o lo g ica lly  from the area fa c in g  the b ile  
c a n a lic u li,  i t  is  o f c l in ic a l im portance to  understand how and from 
w h ich  part o f the plasma membrane such pro te ins are re le a se d .
Topography o f ra t l iv e r  plasma membrane
As described  e a r lie r , in the liv e r  c e ll plasma membrane there 
are tw o  d is t in c t  m e ta b o lic a lly  a c tive  areas: the s in u s o id a l-  
surface and the b il ia ry  su rface . As i t  was hoped to  id e n tify  the 
part o f the plasma membrane from w h ich  the prote ins are re leased 
in to  the b lo o d , these tw o areas had to  be iso la ted  and ch a ra c te rise d .
I t  has been suggested, though w ith o u t d e fin ite  proof, th a t the plasma 
membrane v e s ic le s  recovered in the m icrosom al fra c tio n  are derived  
la rg e ly  from the s in u s o id a l-s u rfa c e  o f the liv e r  c e ll (H in ton  et a l . ,
1971). Hence an attem pt was made to  separate those v e s ic le s  from 
the b u lk  o f the m icrosom es ( i . e .  the endoplasm ic re ticu lum  fragm ents) 
by an iso p ycn ic  f lo ta t io n  o f ra t l iv e r  m icrosom es in a lin e a r sucrose 
d e n s ity  g ra d ie n t. The d is t r ib u t io n , through the g ra d ie n t, o f a 
number o f the m ost com m only used plasma membrane m arker enzymes 
was s tu d ie d . The re s u lts  o f  these experim ents showed th a t f lo ta t io n  
o f a m icrosom al suspension y ie ld s  a zone a t a d e n s ity  o f 1 .14  g /m l 
w h ich  is  enriched in 5 '-n u c le o tid a s e  (F ig . 3 .2 5 ) . The p roportion  o f 
5 '-n u c le o tid a se  a c t iv ity  found in th is  reg ion was found to  be com parable 
to the amount found in "m icrosom al plasma membrane" as separated 
by Touster e t a l . (1970) using a step g ra d ie n t. H ow ever, th is  Low 
d e n s ity  fra c tio n  is  not ty p ic a l o f a l l  plasma membrane fragm ents o f 
m icrosom al s ize  fo r , as shown in the 'R e su lts ' s e c tio n , o the r plasma 
membrane enzym es, nam ely a lk a lin e  p -n itro p h e ny l phosphatase, 
a lk a lin e  phosphod ieste rase, L - le u c y l-3 -n a p h th y la m id a s e  (LN ase),
ADPase and ATPase a c t iv it ie s ,  form a band centred at a d e n s ity  o f 
about 1 .165  g /m l.  The p a rtic le s  w h ich  form th is  band a lm ost 
c e r ta in ly  con ta in  5 '-n u c le o tid a s e , fo r a d is t in c t  shoulder o f a c t iv it ie s  
was apparent a t a d e n s ity  o f 1 .165  g /m l.  These re s u lts  dem onstrate 
th a t 5 '-n u c le o tid a s e  does not have the same d is tr ib u tio n  among the 
popu la tion  o f the v e s ic ie s  present in the m icrosom al fra c tio n  as 
th a t o f o ther enzymes w h ich  are supposed ly located in the 
plasma membrane. There are three poss ib le  exp lana tions  o f these 
re s u lts :
a) There may be v a r ia t io n  in the a c c e s s ib ili ty  o f the 
enzymes to  the s u b s tra te .
b) E ither 5 '-n u c le o tid a s e  o r the o ther enzymes may be 
p a rtly  located in c e ll  s tru c tu res ,o the r than the plasma 
membrane, th a t form v e s ic le s  o f m icrosom al s ize  on 
t is s u e  d is ru p t io n .
c) The pLasma membrane fragm ents o f m icrosom al s ize  
may be e n zym ica lly  heterogeneous.
E l-A aser et a l . (1973) reported cy tochem ica I evidence w h ich  
ind ica te s  th a t 5 '-n u c le o tid a s e  is  located on the ou ter face o f the 
pLasma membrane v e s ic le s  separated from m icrosom al f ra c t io n .
I f  the o ther enzymes were ins ide  the v e s ic le s  and the denser v e s ic le s  
were e ith e r more e a s ily  penetrated by the substra te  or the v e s ic u la r iz a tio n  
w e re " in s id e  o u t"  (W a lla ch , 1967), then our re su lts  w ould  be e x p la in e d . 
H ow ever, i f  pe rm e a b ility  played any ro le , then a d d itio n  o f de te rgen t 
to  the enzyme assay m ixtu re  should produce e q u a lisa tio n  o f the enzyme
d is tr ib u tio n  pa tte rns . As the a d d itio n  o f 1% T riton  X - l 00 to  the 
incuba tion  m ixtu re  d id  not a ffe c t the enzyme d is tr ib u tio n  pa tte rn , 
our re su lts  cou ld  not be exp la ined  by v a r ia t io n  in the a c c e s s ib il i ty  
o f the enzyme to  the su b s tra te . The second w ay in w h ich  our re su lts  
cou ld  be exp la ined  is  th a t 5 '-n u c le o tid a s e  o r the o ther enzymes are 
p a rtly  located in c e ll  s truc tu res o ther than the plasma membrane, 
w h ich  p o ss ib ly  contam inate  our m icrosom al fra c tio n . Th is p o s s ib ili ty  
w i l l  now be d iscussed  in more d e ta il .
Some 5 '-n u c le o tid a s e  a c t iv ity  has been dem onstrated in  the 
G o lg i apparatus (Bergeron et a l . , 1973), from w h ich  our low  d e n s ity  
v e s ic le s  may be d e riv e d . H ow ever, the re su lts  o f F le is ch e r and 
F le isch e r (1969, 1970) showed th a t the ADPase a c t iv ity  present in 
the G o lg i apparatus (Cheetham et a l . , 1970) bands a t a d e n s ity  much 
low er than th a t o f the  plasma membrane fragm ents in w h ich  m ost o f the 
5 '-n u c le o tid a se  is recovered . I f  our preparation had con ta ined  a 
s ig n if ic a n t amount o f G o lg i appara tus, a peak o f ADPase should have 
been found at a d e n s ity  less  than 1 .14  g /m l,  H ow ever, no such 
peak was d e te c te d .
From w ork on lysosom es (Dobrota and H in to n , 1974) i t  is  c le a r
th a t ac id  3 -g lyce rophospha tase  is assoc ia ted  w ith  lysosom al membrane
banding a t a d e n s ity  o f 1 .165  g /m l.  The re su lts  o f our m icrosom al
flo ta tio n  experim ents showed th a t the ac id  3-g lyce rophospha tase
peak lie s  a t the same d e n s ity  as th a t reported fo r the lysosom al 
( Unpublished resul'k)-
Even i f  a l l  th is  ac id  phosphatase a c t iv ity  is  a ttr ib u ta b le
to  con tam ina ting  lysosom al fragm ent w h ich  m igh t appear in  our
m icrosom al fra c tio n , a com parison w ith  the re su lts  fo r d is rup ted  
lysosom es (M . D ob ro ta , unpub lished re su lts ) showed th a t o n ly  a ve ry  
sm a ll p roportion o f the "p lasm a membrane enzym es"in th is  reg ion can 
be a ttr ib u te d  to  the presence o f lysosom al m embranes. M ito c h o n d ria l 
inner membranes are another poss ib le  source o f the low  d e n s ity  v e s ic le s , 
s ince  ATPase is present in m itochondria  (Sabatin i _et a_i. 1964). However 
measurement o f succ ina te  dehydrogenase a c t iv ity  showed th a t 
n e g lig ib le  proportion o f th is  s u b c e llu la r component was recovered in 
the m icrosom al fra c tio n . The co n tr ib u tio n  o f m ito ch on d ria l ou te r 
membrane to  our re su lts  has not been examined during th is  in v e s tig a tio n , 
bu t observa tions by co lleagues at the Centre (H in ton  .et a j . . , 1971;
N o rr is , 1973) showed th a t the ex ten t o f con tam ination  is  ve ry  low  as 
judged by the a c t iv ity  o f monoamine o x id a se . Our re s u lts  a lso  
Ind ica ted  th a t the 5 '-n u c le o tid a s e  reported in the rough endoplasm ic 
re ticu lum  (W id n e ll, 1972) can be respons ib le  fo r no more than 10% o f the 
5 '-n u c le o tid a se  o f the m icrosom al f ra c t io n .
C ytochem ica l evidence (G o ld fische r et a l . , 1964) and c e l l -  
fra c tio n a tio n  experim ents (Emmelot e t a_l., 1964; W a ttia u x -d e C o n in ck  
and W a tt ia u x , 1969; Th ines-Sem poux, 1973) ind ica te  th a t 5 '-n u c le o -  
t id a s e , ADPase, ATPase and a lk a lin e  p -n itro p h e n y l phosphatase are 
a l l  located m a in ly  in the plasma membrane. Prospero e t aj,. (1973) 
suggested th a t m agnes ium -ac tiva ted  a lk a lin e  phosphodiesterase is  
a lso  re s tr ic te d  to  the liv e r  c e ll plasma membrane. The la tte r  enzyme 
and 5 '-n u c le o tid a s e  have, in fa c t, been used as m arkers fo r plasma 
membrane fragm ents iso la te d  from the m icrosom al fra c tio n  (Touster e t a I . ,
1970). Th is e v id ence , toge the r w ith  our h is to che m ica l re su lts  
(F ig . 3 .2 6 ), ind ica te s  th a t the m icrosom al sub frac tions  th a t con ta in  
5 '-n u c le o tid a s e  c o n s is t e n tire ly  o f plasma membrane fragm ents , but - 
th a t the fragm ents do not con ta in  a uniform  complement o f enzym es.
Th is  co n c lu s ion  is strengthened because a ve ry  s im ila r  he te ro ­
g e n e ity  was found when the plasma membrane o f d e n s ity  1 .17  g /m l 
iso la te d  from the crude nuc lea r fra c tio n  was d isrupted tw o sub frac tion s  
o f d e n s itie s  1 .12 and 1 .18  g /m l were obta ined (Evans e t a l . , 1970a). 
These tw o sub frac tions  were reported to  be m o rp h o lo g ica lly  and 
e n z y m a tic a lly  d if fe re n t.  The v e s ic le s  o f the lig h t su b fra c tion  were 
more h ig h ly  enriched in 5 '-n u c le o tid a s e  than the sheets o f the denser 
fra c t io n . Is o la tio n  o f such a lig h t sub fra c tion  was a lso  reported  by 
Thines-Sem poux (1973). The la tte r  author was able to d e te c t a group 
o f v e s ic le s  enriched in  S '-n u c le o tid a se  w ith  a low  median d e n s ity  as 
compared to  th a t o f the smooth and rough endoplasm ic re tic u lu m . 
A lthough the d is tr ib u tio n  pattern o f  monoamine o x id a se , a m arker fo r  
the ou te r m ito ch on d ria l membrane, was reported to  be s im ila r  to  th a t 
o f 5 '-n u c le o tid a s e , these tw o enzymes cou ld  be separated a fte r  
d ig ito n in  trea tm ent (Am ar-Costesec e t a l . , 1974).
In s u lin  and g lucagon are found in b ile  a t a co ncen tra tio n  s im ila r  
to  th a t in  the porta l v e in  (Buchanan et a l . , 1968), and adeny l c yc la se  
has been shown to  res ide  in a t leas t two d if fe re n t m o rpho log ica l s ite s  
in the hepa tic  t is s u e , the b ile  c a n a lic u la r and the s in u s o id a l-s u rfa c e s  
(Reik e t a l . , 1970). The b ind ing  s ite s  o f these hormones have been
used in reported s tud ies o f the d is tr ib u tio n  o f the s in u so id a l surface 
a fte r hom ogenisation o f the L ive r. House and W eidem ann (1970) 
reported th a t lig h t v e s ic le s  iso la te d  from the m icrosom al fra c tio n , by 
ce n tr ifu g a tio n  in  a d isco n tin u ou s  F ic o ll g ra d ie n t, were h ig h ly  enriched 
in in s u lin -b in d in g  s ite s  as compared w ith  tw o plasma-membrane 
sub frac tions  o f d e n s itie s  1 .17  and 1 .18  g /m l iso la ted  from the crude 
nuc lea r fra c tio n  by a method com parable to  th a t o f Touster e t a l . (1970). 
H ence, the y  suggested th a t the lig h t m icrosom al v e s ic le s ,  w h ich  band 
in F ic o ll a t a d e n s ity  o f 1 .036 g /m l,  are derived  la rg e ly  from the 
s in u s o id a l-s u rfa c e  o f the hepa tic  c e l l .  A pparently  con tra ry  re s u lts  
emerged from s tud ies  by Evans et aU  (1973b) in w h ich  an in s u lin -  
b ind ing  a c t iv ity  was dem onstrated in the v e s ic le s  o f d e n s itie s  1 .16  
and 1 .18  g /m l iso la te d  by v igo rous  rehom ogenisation o f the plasma 
membrane iso la te d  from the crude nuc lea r fra c tio n . At th a t t im e , 
these authors concluded th a t these two sub frac tions  are enriched  in 
v e s ic u la r  e lem ents o f the hepatocyte  surface derived  from the 
s in u so id a l face and the in tra c e llu la r  fa c e . The ir re s u lts  con firm  
the absence o f the horm one-b ind ing  a c t iv ity  in  the sub fra c tion  o f 
d e n s ity  1.13 g /m l separated from the crude nuc lea r fra c t io n .
The apparen tly  c o n flic t in g  re su lts  m entioned in the la s t paragraph 
have re c e n tly  been reconc iled  by W ish e r and Evans (1975) who 
in v e s tig a te d , in some d e ta il ,  the s u b c e llu la r o rig in  o f the th ree  
sub frac tions  o f d e n s itie s  1 .1 3 , 1 .16  and 1 .1 8  g /m l obta ined from the 
plasma membrane iso la te d  from the crude nuc lea r fra c tio n  and in  the 
m icrosom al sub frac tion  o f d e n s ity  1 .13 g /m l iso la te d  by the method o f
Touster e t a L  (1970). G lu ca g o n -se n s itive  adenyl cyc lase  was used 
as a m arker enzyme fo r the s in u so id a l fra g m e n ts . They reported tha t 
the h ig h e s t degree o f g lu ca g o n -s tim u la te d  adenyl cyc lase  a c t iv ity  was 
found in the m icrosom al sub frac tion  o f d e n s ity  o f 1.13 g /m l.  H ence, 
th e y  concluded th a t th is  fra c tio n  is  derived  la rge ly  from the s in u s o id a l-  
surface o f the liv e r  c e l l .  A lthough cons iderab le  adenyl c yc la se  was 
s t i l l  de tected  in sub frac tions  from the plasma membrane sheets separated 
from the crude n u c lea r fra c tio n , th is  enzyme was not s tim u la ted  by 
g lu ca g o n . H ence, i t  was suggested th a t the sub frac tion  o f d e n s ity
1 .13 g /m l iso la ted  from the plasma membrane sheets o f the crude 
n uc le a r fra c tio n  is  composed o f a m ix tu re  o f smooth v e s ic le s  de rived  
la rg e ly  from the b ile  c a n a lic u la r  su rfa ce . The properties o f the 
m icrosom al sub frac tion  o f d e n s ity  1 .13 g /m l stud ied by W is h e r and 
Evans (1975) resem ble those o f our low  d e n s ity  m icrosom al su b fra c tio n , 
w h ich  suggests th a t the la tte r  is  probab ly derived  la rg e ly  from the 
s in u so id a l su rface .
In  the experim ents described  in th is  th e s is  a more d ire c t method 
was used to  determ ine the c e llu la r  o r ig in  o f the sub frac tion  ob ta ined  
by f lo ta t io n  o f the m icrosom al f ra c t io n . An apparen tly  su cce ss fu l 
la b e llin g  o f  the s in u so id a l surface was ach ieved us ing  4 -a c e ta m id o - 
4 l - is o - th io c y a n a to -s t ilb e n e -2  , 2 '-d is u lp h o n ic  ac id  d isod ium  s a lt 
(SITS) (F ig . 3 .2 7 ) . H ow ever, p ra c tica l problems arose when i t  was 
attem pted to  use the bound SITS as a marker fo r the s in u s o id a l fragm ents 
in the su b ce llu la r fra c tio n a tio n  e xperim en ts . The problems assoc ia ted  
w ith  m easuring the fluo rescence  o f the fra c tio n s  recovered from
fra c tio n a tio n  o f the crude nuc lea r fra c tio n  and the m icrosom al fra c tio n  
obta ined from liv e rs  perfused w ith  SITS, d iscussed  in  the "R e su lts " 
se c tio n , d id  not perm it a d e fin ite  lo c a lis a tio n  o f the s in u so id a l surface 
among the fra c tio n s . H ow ever, a te n ta tiv e  placem ent may be p o s s ib le . 
In  agreement w ith  the re s u lts  o f W ish e r and Evans (1975) , the 
s in u so id a l surface o f the hepa tic  c e ll appears to  be the source o f the 
lo w -d e n s ity  v e s ic le s  iso la te d  from the m icrosom al f ra c t io n . A much 
sm a lle r proportion o f the s in u so id a l surface membranes appears to  be 
present in the plasma membrane sheets iso la te d  from the crude nuc lea r 
fra c tio n . This co n c lus ion  is  strengthened because o f the re s u lts  
obta ined from experim ents on the inco rpo ra tion  o f [ ^ C ]  fucose into 
g lyco p ro te in  fra c tio n s  o f liv e r  plasma membrane d iscussed  b e lo w .
r l  4 lIn co rpo ra tion  o f L - L CJ fucose in to  serum and 
l iv e r  plasma membrane g lyco p ro te ins
Two mechanism s have been postu la ted  by w h ich  m a te ria l can 
reach the liv e r  c e ll membrane fo r se c re tio n . F irs t,  the syn thesised  
p ro te in , lik e  "e xp o rt"  p ro te ins in tis su e s  such as the pancreas,m ay 
pass through the endoplasm ic re ticu lu m  to  the G o lg i apparatus then 
to the plasma membrane fo r se c re tio n . The second suggested 
pathway is  th a t the pro te ins pass d ire c t ly  from the endop lasm ic 
re ticu lu m  d ire c t ly  to  the plasma membrane (Riordan et a_ l., 1974);
Frank e t a l . ,  1971). W hatever the pa thw ay, prote in  reach ing  the 
e x tra c e llu la r  part o f the plasma membrane fo r secre tion  may e ith e r 
be re leased im m ed ia te ly  o r te m p o ra rily  form part o f the membrane 
coa t and then be re leased in to  the b loodstream . Serum and membrane 
g lyco p ro te in s  labe lled  a fte r a v e ry  short pulse o f ra d io a c tive  fucose 
were examined in an a ttem pt to  d iffe re n tia te  the tw o hypo th eses .
As the pro te ins common to  l iv e r  plasma membrane and ra t serum ,
iso la te d  by a f f in i ty  chrom atography, con ta in  a t le a s t some g ly c o -
r 14 ip ro te in s , L~L CJ fucose was used as a precursor o f g lyco p ro te in  
to  in ve s tig a te  the re lease o f g lyco p ro te ins  from the liv e r  c e ll plasma 
m em brane.
The re s u lts  obta ined by a f f in i ty  chrom atography o f ra t serum on 
im m ob ilised  a n ti-(p la sm a  membrane) con jugate  showed th a t a fte r a 
short period o f fucose inco rpo ra tion  the percentage o f ra d io a c tiv e ly  
lab e lle d  serum pro te ins th a t are capable o f b ind ing  to  our colum n is
h ighe r than th a t a fte r a Long period o f inco rp o ra tio n . These re su lts
in d ica te  th a t serum pro te ins th a t are common to  ra t l iv e r  plasma
membrane are e s p e c ia lly  ra p id ly  labe lled  w ith  L [ ^ C ]  fu c o s e . Th is
w ou ld  suggest th a t the pro te ins reach ing  the e x tra c e llu la r  part o f the
pLasma membrane fo r secre tion  m ust be e s p e c ia lly  rapidLy Labelled 
14w ith  [ C] fu co se . H ow ever, these pro te ins m ust be , a t Least
te m p o ra rily , com plexed w ith  the membrane du ring  secre tion  in such
a w ay th a t th is  a sso c ia tio n  p e rs is ts  a fte r is o la tin g  and w ash ing the
membrane before i t  is  used as an immunogen. Supporting evidence
fo r th is  conc lu s ion  comes from the re su lts  o f Riordan et a l .  (1974) who
found th a t the portion o f the d e o x y c h o la te -s o lu b iliz e d  pLasma membrane,
iso la te d  by th e ir  m ethod , th a t was precipitabLe w ith  a n t i- ( ra t  serum)
antiserum  showed the h ighe s t ra d io a c t iv ity  15 m inutes a fte r in tra ­
n t  ivenous in je c tio n  o f L -  L CJ fu c o s e . Th is amount o f ra d io a c t iv ity  
had decreased m arked ly  a fte r 30 m in u te s . H ow ever, there  was a 
s lig h t fu rthe r fa l l  between 30 and 60 m inutes o f in co rp o ra tio n , a lthough  
the inco rpo ra tion  in the G o lg i apparatus showed the expected exponen tia l 
fa l l  o f ra d io a c t iv ity .  Th is suggested th a t some o f the  pro te ins common 
to  Liver pLasma membrane and ra t serum are o f the s lo w ly  Label Led, no n - 
secre to ry  c la s s . Th is obse rva tion  is not d iscussed  by these  a u th o rs , 
but i t  seems reasonable and com patib le  w ith  the re s u lts  presented in 
th is  th e s is .
Thus, i t  seems reasonable to  suggest th a t the rap idLy lab e lle d  
membrane g lyco p ro te in s  inc lude a t Least a proportion o f the secre to ry  
g ly c o p ro te in s . As the m ic ro v i l l i  o f the b lo o d -s in u s o id a l face  o f the
hepatocyte  are the e lem ents sp e c ia lise d  fo r exchange o f m e tabo lites  
w ith  the b lo o d , i t  seemed l ik e ly  th a t the rad ioactiveLy la b e lle d  
g lyco p ro te ins  w ould  be concentra ted in the s in u so id a l membrane 
fragm ents in experim ents such as those described in se c tio n  2:5 a and b .
As dem onstrated in the R esults se c tio n , a fte r la b e llin g  fo r 
e ith e r 15 or 90 m inutes w ith  fucose a cons ide rab ly  g reater proportion 
o f ra d io a c tiv ity  was found in the m icrosom al sub frac tions  than in  the 
plasma membrane sheets iso la te d  from the crude nuc lea r fra c t io n . Th is 
w ou ld  ind ica te  th a t the inco rpo ra tion  o f fucose in to  l iv e r  plasma 
membrane g lyco p ro te ins  takes pLace f i r s t  in membranes w h ich  are m a in ly  
recovered in the microsomaL fra c tio n  a fte r hom ogenisation and 
c e n tr ifu g a tio n . A h igh  proportion  o f the ra p id ly  LabeLLed g lyco p ro te ins  
appeared to  be concentra ted in the m a te ria l banding a t a d e n s ity  o f
1 .14  g /m l (F ig . 3 .3 3 ) ,  w h ich  was found to  con ta in  a cons ide rab le  
amount o f lo o se ly  bound m a te ria l (TabLe 3 .1 6 ). As th is  fra c tio n  
produced the h ighe s t rad ioac tiveLy  lab e lled  p re c ip ita tio n  lin e s  when 
tes ted  aga ins t a n t i- ( ra t serum), i t  seems th a t the secre to ry  gLycoprote ins 
are m a in ly  concentra ted in th is  m icrosom al su b fra c tio n . M oreove r, 
the secre to ry  g lyco p ro te ins  appear to  be , at leas t te m p o ra rily , compLexed 
w ith  the membrane in such a w ay as to  su rv ive  the is o la tio n  and the 
w ash ing  procedure.
For the reasons described  above it  was concluded th a t fragm ents 
from the s in u so id a l surface o f the liv e r  c e ll plasma membrane are m a in ly  
concentra ted in the microsomaL sub frac tion  o f d e n s ity  1 .14  g /m l.
T h is  supports the co n c lu s ion  drawn from the experim ents on in s itu  
la b e llin g  o f th is  surface w ith  SITS . The low  fluo rescence  found in 
the pLasma membrane sheets may a lso  be a ttribu ted  to the presence 
o f v e s ic le s  probably de rived  from the s in u so id a l su rface , as in the 
same fra c tio n  there is  a re la t iv e ly  low  ra d io a c tiv ity  a fte r 15 m inutes 
o f fucose in co rp o ra tio n . H ow ever, a fte r 90 m inutes o f fucose 
inco rpo ra tion  the ra d io a c t iv ity ,  Like m ost "plasm a membrane" 
enzymes, was m a in ly  concentra ted  in the microsomaL sub fra c tion  o f 
d e n s ity  1 .16  g /m l.  Th is change in the ra d io a c tiv ity  pattern was 
accom panied by a su b s ta n tia l increase in the ra d io a c t iv ity  o f the 
pLasma membrane sh e e ts . These s h ifts  may be exp la ined  by move­
ments o f m o lecu les w ith in  the membrane, as d iscussed  beLow.
In the l iv e r ,  the b ile  c a n a lic u li are connected to  the b lo o d - 
s in u so id a l surface by a f la t  area o f membrane w h ich  con ta ins  the 
ju n c tio n a l com plexes w h ich  Link the neighbouring c e l ls .  I f  the 
lab e lle d  g lyco p ro te in s  move from the s in u so id a l surface to  the con tiguous 
part o f the plasma membrane by w ay o f f lo w  w ith in  the membrane 
(W a lla ch , 1972), then fragm ents o f the membrane o f the con tiguous 
face cou ld  w e ll be concentra ted in the m icrosom al sub fra c tion  o f 
d e n s ity  1 .165  g /m l.  A s im ila r  hypo thes is  has been put fo rw ard fo r 
the movement o f m a te ria l w ith in  the endoplasm ic re ticu lu m  membrane 
(de Pierre and D a lln e r , 1975).
The hypo thes is  th a t the band centred a t a d e n s ity  o f 1 .165  g /m l 
de rives  from the con tiguous membranes was strengthened by the re s u lts
o f the im m uno log ica l exam ination  o f the m icrosom al sub frac tions 
a ga ins t a n t i- ( ra t serum) a n tise ru m . This showed th a t the ra d io ­
a c t iv ity  in the p re c ip ita tio n  lin es  decreased as the d e n s ity  o f the 
fra c tio n  increased , w h ich  ind ica tes  th a t the contiguous m embranes, 
w h ich  supposed ly band a t a d e n s ity  o f 1 .165  g /m l,  are a lso  
a cce ss ib le  to  the c irc u la tin g  bLood, con firm ing  the re s u lts  o f 
Goodenough and Revel (1970). Th is w ould provide an exp lan a tion  
fo r the d is tr ib u tio n  o f bound SITS among the fra c tio n s  o f the B XIV ru n , 
fo r  fluo rescence  was spread over both the low  d e n s ity  v e s ic le s  and 
those banding at about 1 .1 6 5 . H ow ever, the re su lts  o f W ish e r and 
Evans (1975) showed th a t part o f the con tiguous areas o f the hepatocyte  
rem ain a ttached to  the large sheets o f membrane w h ich  sedim ent w ith  
the crude nuc lea r fra c tio n .
General comments
C orrect d ia g n o s is  o f l iv e r  d isease  depends ve ry  la rg e ly  on the 
es tim a tion  o f ce rta in  enzymes in serum . Among those enzym es, 
5 '-n u c le o tid a se  and a lk a iin e  phosphatase are largeLy Located in the 
pLasma membrane o f h e pa tocy tes . These enzymes were how ever show n, 
by the experim ents described in th is  th e s is , not to  be among the p ro te ins  
common to  normal ra t serum and liv e r  plasma membrane. H ow ever, in  
o b s tru c tive  jaund ice  the a d d itio n a l 5 '-n u c le o tid a s e  in serum w as found 
to  be a lm ost c e r ta in ly  derived  from the hepatocyte  plasma membrane, 
whereas the a d d itio n a l a lka lin e  phosphatase in serum appears not to 
be the same as th a t found in the hepatocyte  membrane o f norm al ra t .
These re s u lts  accord w ith  the fin d in g  th a t the r is e  in serum a lk a lin e  
phosphatase in o b s tru c tive  jaund ice  is  in tim a te ly  re la ted  to  the de novo 
syn thes is  o f th is  enzyme by the liv e r  (Kaplan and R ig h e tti, 1970) 
whereas the a d d itio n a l 5 '-n u c le o tid a s e  in  jaund iced  ra t serum showed 
a d if fe re n t response to  feed ing  d rugs , such as c y c lo h e x im id e , th a t are 
known to  in h ib it  p ro te in  syn thes is  in the liv e r  (K ryszew ski e t a l . , 1973). 
W hatever the mechanism by w h ich  serum a lk a lin e  phosphatase is  e le va te d , 
i t  seems th a t the d is t in c t iv e  a lk a lin e  phosphatase a c t iv ity  w h ich  appears 
in the he pa toe yte plasma membrane a fte r lig a tio n  o f the common b ile  
du c t (Emmelot e t a j.. ,  1964) is  a poss ib le  source o f the a d d itio n a l 
a lk a lin e  phosphatase in jaund iced  ra t serum . H ow ever, in norm al or 
jaund iced  ra ts , tw o poss ib le  w ays may be suggested by w h ich  the 
m a te ria l may en te r the b lood; a d ire c t re lease  from the s in u so id a l 
surface o f hepa tic  or s in u s o id - lin in g  c e lls ,  or a re lease from the 
b i l ia ry  surface o f hepa tic  or b ile  duc t e p ith e lia l c e lls .  I t  is  the re fo re  
c le a r th a t the d if fe re n t ia l d iagn os is  o f l iv e r  d isease  w ou ld  be helped 
i f  i t  were known how the m a te ria l is  re leased and from w h ich  part o f 
the  plasma m em brane.
14Exam ination o f serum prote ins a fte r in je c tio n  o f L -  [ C ] fucose 
showed th a t the pro te ins common to  l iv e r  plasma membrane and ra t serum 
are among the ra p id ly  labe lled  secre to ry  p ro te in s . In  a d d it io n , plasma 
membrane fragm ents from the areas o f the liv e r  c e ll fa c in g  the  s in u so id  
seem to  be labe lle d  more ra p id ly  than o the r plasma membrane fragm e n ts . 
The s h if t  o f ra d io a c t iv ity ,  a fte r a long period o f in co rp o ra tio n , from the 
m a te ria l banding a t a d e n s ity  o f 1 .14  g /m l to  th a t banding a t 1 .165  g /m l,
and the su b s ta n tia l increase in ra d io a c tiv ity  in the plasma membrane 
o f the crude nuc lea r fra c tio n , may ind ica te  the presence o f a u n i­
d ire c t io n a l f lo w  o f membrane from the s inuso id  to  the o ther surfaces 
o f the liv e r  c e l l .
These re s u lts , taken to g e th e r, suggest th a t the plasma membrane 
o f l iv e r  c e lls  may p lay a com plex ro le  in the re lease o f m a te ria l to  the 
b lo o d . The nature o f th is  ro le  cou ld  be examined by study o f the rate 
o f la b e llin g  o f se lected  p ro te ins  in d if fe re n t membrane su b fra c tio n s . 
Membrane prote ins can be sub frac tiona ted  by po lyacry lam ide  ge l 
e lec tropho res is  in the presence o f a su ita b le  de te rgen t, and the 
d is tr ib u tio n  o f labe lled  g lyco p ro te in  can be de te rm ined . A com parison 
o f the g lyco p ro te in  la b e llin g  pattern o f the membrane su b frac tion  w ith  
th a t o f serum prote ins inc lu d ing  those homologous to  plasma membrane 
may ind ica te  w hether there is  a s ig n if ic a n t "w ash ing  o f f "  o f p ro te ins 
on the c e ll surface in  a d d itio n  to the d ischarge o f p ro te ins in  secre tion  
g ra n u le s . Th is a lso  may h e lp  to  determ ine w hether the enzymes 
appearing in the serum o f jaund iced  ra ts  de rive  from the s in u so id a l or 
the b ile  c a n a lic u la r face o f the liv e r  c e l ls .
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